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Traffic and Travel Trends, 1955 


BY THE HIGHWAY TRANSPORT RESEARCH BRANCH 
BUREAU OF PUBLIC ROADS 


Reported by THOMAS B. DIMMICK 
Head, Current Data Analysis Unit 


The tremendous growth of the highway transportation industry is revealed 
in the considerable body of travel data presented in this article, which are col- 
lected by means of automatic traffic recorders installed at a large number of 
locations in all States, as well as from a number of loadometer or pitscale sta- 
tions operated in 44 States for the purpose of studying vehicle types, weights, 
and loading practices. 

From 1950 to 1955, travel on all roads and streets increased approximately 32 
percent; travel on rural roads increased 40 percent, whereas urban travel in- 
creased almost 23 percent. During this same period, passenger-car travel in- 
creased 34 percent; trucks and truck combinations, 23 percent; and buses, I0 
percent. 

This aticle stresses primarily the travel trends and loading practices on the 
main rural roads of the country, which comprise about 12 percent of all rural 
mileage and carry 68 percent of all rural traffic. Approximately two-thirds of 
all truck travel in rural areas is performed on these roads, of which about one- 
third is by combination-type vehicles. 

Average daily travel on the main rural roads totaled 595 million vehicle-miles 
in 1954, as compared with 625 million in 1955, a 5.1 percent increase. By prin- 
cipal geographical areas, the rate of increase in travel from 1954 to 1955 was 7.1 
percent for the States in the eastern divisions, 5.4 percent for States in the 
western divisions, and 3.6 percent for States in the central divisions. The 
greatest increase in travel took place in States of the Middle Atlantic division, 
and was followed by the South Atlantic division. 

Passenger-car and bus travel on main rural roads increased 147 percent be- 
tween 1936 and 1955; 103 percent between 1940 and 1955; and 34 percent between 
1950 and 1955. For single-unit trucks, the increases were 154 percent, 93 per- 
cent, and 18 percent; whereas truck combinations increased 455 percent, 248 
percent, and 22 percent, respectively. 

A special survey undertaken during the summer of 1955 indicated that 73 
percent of the truck travel on main rural roads was performed by private haulers, 
and the remaining 27 percent was by for-hire carriers of which 18 percent had 
ICC authority numbers. Of the total truck travel on main rural roads, approx- 
imately 30 percent involved trips in more than one State; the remaining 70 
percent were intrastate trips made largely by private haulers. 

In 1955, 55 percent of all freight-carrying vehicles were loaded, and weighed 
an average of 24,336 pounds. The weight of empty vehicles averaged 9,426 
pounds. For the period 1950-55, weights of loaded single-unit trucks increased 
3 percent, whereas combinations increased over 6 percent. 

Single-unit trucks in 1955 carried loads during 48 percent of their travel as 
compared with 60-65 percent during the prewar period 1936-41. Combinations 
in 1955 were found to be loaded during 68 percent of their travel as compared 
with 72 percent in 1936. 

Average loads carried by single-unit trucks increased from 1.86 tons in 1936 
to 2.47 tons in 1955 (33 percent increase), while combinations increased from 
6.90 tons in 1936 to 11.07 tons in 1955 (60 percent increase). 

Ton-mileage hauled in 1936 by single-unit trucks was 14.3 billion as compared 
with 38.5 billion in 1955; combinations in 1936 hauled 13.7 billion ton-miles as 
compared with 115.6 billion in 1955. The two-axle, six-tire trucks, the principal 
load-carrying single-unit trucks, accounted for 26 percent of all truck travel in 
1955, and 17 percent of the ton-mileage hauled; truck-tractor and semitrailer 
combinations accounted for slightly less than 30 percent of the travel, but 
carried nearly 68 percent of the ton-mileage. 

Frequencies of freight-carrying vehicles weighing 30,000, 40,000, and 50,000 
pounds or more reached a new high in 1955. Since 1936 the number of trucks 
in each 1,000 loaded and empty vehicles weighing 30,000 pounds or more have 
increased almost 5 times; for 40,000 pounds or more, over 11 times; and 50,000 
pounds or more, 25 times. From 1950 to 1955, the frequencies increased 10, 16, 
and 29 percent, respectively. 

The frequencies of axles weighing 18,000, 20,000, and 22,000 pounds or more 
show an increase in 1955 over 1954, but for the period 1950-55, there has been a 
decrease of 9, 20, and 35 percent in the three respective axle-weight categories. 
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NDER the greatly expanded highway pro- 

gram authorized by the Federal-Aid High- 
way Act of 1956, it is readily apparent that 
measurement of highway usage through 
traffic-counting and sampling procedures will 
play a significant role in the planning and 
design of traffic facilities. The huge program 
of completing within 13-15 years a 41,000- 
mile network of modern roads on the National 
System of Interstate and Defense Highways 
requires that traffic volumes must be deter- 
mined as far in advance as 1975, in order that 
these highways be so designed that they will 
not become functionally obsolete before the 
surfaces wear out. Such future traffic de- 
mands can be estimated only on the basis of 
trends developed in the past under conditions 
that can be expected to be similar to those 
that will most likely be encountered in the 
future. 

In the 5-year period beginning in 1936, 47 
of the 48 States, in cooperation with the 
Bureau of Public Roads, conducted surveys 
for a 12-month period to collect data which 
would supply comprehensive information 
concerning vehicle characteristics and travel 
habits. The measuring of road mileages, the 
counting of traffic and classification by vehicle 
type, the weighing of trucks on rural roads, 
and the questioning of drivers concerning 
origin and destination of trips and mileage 
driven on different road systems during the 
preceding 12 months, supplied basic data from 
which a vast amount of information regarding 
travel habits, ton-miles hauled on rural high- 
way systems, and vehicle-miles driven on all 
road systems could be determined for the 
period of the survey. 

Shortly after the original surveys were com- 
pleted, the States installed automatic traffic 
recorders at a large number of locations and 
adopted other continuing operations to provide 
data for estimating trends in traffic volumes. 
Such recorders were usually located on main 
rural roads, but in some instances they were 
located on the local roads and on city streets. 
Periodic weighing operations, combined with 
manual counts of all vehicles passing the 
weighing stations, have been made which 
provide information concerning vehicle types 
and weights as well as their loading habits. 
By means of these trends, annual estimates 
have been published, showing for each year 
the travel on rural roads and city streets from 
1936 to 1954.1. By combining carried load 
data with vehicle-mileage figures, the ton- 
mileage of freight hauled on main rural roads 
has been estimated for each year. Sufficient 


1 See previous articles on traffic in PUBLIC ROADS: vol, 28, 
No. 11; vol. 27, Nos. 6 and 11; vol. 26, Nos. 5 and 11; vol. 25, 
Nos. 3, 7, and 12; vol. 24, No. 10; and vol. 23, No. 9. 
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Figure 1.—Total travel, motor-vehicle registration, motor-fuel consumption, and Gross 
National Product, 1936-55, as a percentage of the respective amounts in 1950. 


data are not available to permit the estimating 
of ton-mileage carried on local roads within 
reasonable limits of accuracy. No data are 
available concerning loads carried on city 
streets and no attempts have been made to 
estimate the amounts of this haulage. 


Urban Travel Data Improve 


In recent years many States have adopted 
some plan for observing trends in urban travel 
either by means of continuous or part-time 
traffic counts, and several States have made 
sufficient counts to enable them to estimate 
accurately the travel on streets of their key 
cities. Most States are now able to report 
the average daily travel on the urban exten- 
sions of State highway systems, and other 
arterial streets. While much is desired in the 


way of more complete urban travel data for 
these major thoroughfares, considerable prog- 
ress is being made. 

Although approximations may have to be 
made concerning the lightly traveled local 
streets, a large expenditure of funds to deter- 
mine accurately the amount of travel on them 
is not always justifiable. Motor-vehicle-use 
surveys made in several States have provided 
some additional data concerning all urban 
travel. 

One important result of State cooperation 
in the study of needs of the highway systems, 
required by the Federal-Aid Highway Act of 
1954, was a complete estimate of vehicle-miles 
of travel in the previous year on all systems, 
urban as well as rural. These State estimates 
for 1953 made it possible to establish a new 
base period for estimating future traffic trends. 


Table 1.—Estimate of motor-vehicle travel in the United States by vehicle types in the 
calendar year 1955 
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Motor-vehicle travel — Aver- sumption a 
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travel | travel vehicle | SUume 
Million | Million | Million | Million | Million 
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All buses.........- 1,775 804 2, 579 1, 928 4, 507 255 | 17,658 771 3, 021 5. 85 
All passenger vehicles. ..| 180,507 | 85, 160 | 265,667 | 226,380 | 492,047 | 52,347 | 9,400 | 34,319 656 | 14.34 
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1 Registration figures differ slightly from those in Bureau of Public Roads table M V-1 because of adjustments in classifica- 


easy a = States of lightweight farm trucks. 

(1) 

mated amounts used by motorcycles. 
4 Includes taxicabs. 





uel consumed differs from that given in Bureau of Public Roads table G-21 because of adjustments to cover esti- 





Traffic and Gross National Product 


The travel on all rural roads and streets. 
motor-vehicle registrations, motor-fuel con- 
sumption, and the Gross National Product (in 
constant dollars) are shown in figure 1 for the 
years 1936-55, inclusive, as a percentage of 
the 1950 totals. This chart indicates that 
with the exception of the war years and a few 
years thereafter when traffic restrictions 
drastically curtailed travel, and while produc- 
tion was stimulated, the trend of total travel 
follows closely the economic trend as repre- 
sented by the Gross National Product. In 
1954 the Gross National Product decreased 
slightly but there was a lesser degree of leveling 
off in traffic, whereas in 1955, there was a 
parallel trend. The indexes of motor-vehicle 
registrations and motor-fuel consumption 
follow the same trend, which indicates that 
driving habits of the average car owner remain 
fairly constant in normal years. 

Table 1 shows the estimated amounts of 
travel in 1955 on main rural roads, local rural 
roads, and urban streets for passenger cars, 
buses, and trucks together with the number 
of vehicles registered and quantity of motor 
fuel consumed on highways. The travel 
figures were obtained mainly by applying the 
available trends to the 1953 data which, as 
previously stated, were derived from the 
various State reports submitted for the nation- 
wide highway study. Actual vehicle-mileage 
totals on the various turnpikes were obtained 
from reports of the turnpike authorities. 
Minor adjustments were made in the totals of 
local rural road and city street travel to in- 
clude the generated or induced travel on 
improved or newly constructed sections of 
lightly traveled feeder roads and on streets in 
expanding fringe areas where traffic counts 
ordinarily are not made. 

In addition, table 1 shows average miles of 
travel per vehicle, average consumption of 
motor fuel, and average travel per gallon of 
fuel consumed. These figures are included 
merely as checks on the reasonableness of the 
vehicle-mileage estimates when compared with 
other factual data. 


Travel Continues Upward Trend 


Available data indicate the following in- 
creases in travel from 1950 to 1955: rural 
areas, 40 percent; urban areas, almost 23 
percent; and total travel, about 32 percent. 
Registrations have increased 28 percent and 
the quantity of motor fuel used on the high- 
ways has increased 34 percent. The miles 
traveled per vehicle and fuel consumed per 
vehicle increased about 3 and 4 percent, 
respectively, whereas the miles traveled per 
gallon of fuel consumed decreased about 2 
percent. 

A comparison of travel on all roads and 
streets in 1940, 1945, 1950, and 1955 is given 
in table 2. Probably the most significant 
relation is the greater long-range increase in 
travel by trucks and truck combinations in 
comparison with passenger cars and buses. 
This increase is particularly noticeable be- 
tween 1940 and 1950. Travel by trucks and 
truck combinations in 1955 was more than 
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Tabie 2.—Comparison of estimated vehicle-miles of travel on all roads and streets in 1940, 
1945, 1950, and 1955 
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twice the amount in 1940. The number of 
trucks and truck combinations in relation to 
all other vehicles increased from 16.52 percent 
in 1940 to 18.46 percent in 1955. Passenger- 
car travel during the period increased 95 
percent. Bus travel leveled off considerably 
and only a 70-percent gain is indicated for 
this period. A more detailed study of the 
growth of bus travel shows that in the period 
1940-55, commercial bus travel increased only 
67 percent while travel by school and other 
nonrevenue buses increased 75 percent. 

The largest portion of rural travel by 
trucks and combinations was found on the 


main roads. These main roads, which com- 
prise only 12 percent of the mileage of all rural 
roads, actually carry over 67 percent of the 
truck travel. As would be expected, the larger 
portion of the heavier vehicles use the main 
rural roads. Approximately 32 percent of 
the truck traffic on these roads was made up 
of combination-type vehicles, but on the local 
rural roads these combinations accounted for 
only 10 percent of the traffic. To illustrate 
further the relation of truck traffic on the two 
classes of rural roads, the average daily num- 
ber of trucks per mile of main rural roads in 
1955 was 236 single-unit trucks and 112 





truck combinations; on the local roads there 
were 21 and 2 vehicles, respectively. 

Data have been collected concerning the 
loads carried on local roads, but such studies 
were limited in scope and therefore not as 
reliable as information on main roads. Local 
road mileage far exceeds that of the main roads, 
yet estimates indicate that truck travel on 
main roads was more than double and ton- 
mileage hauled was about four times the 
amount carried on local roads. Because of 
the limited data and the relative unimportance 
of the local road mileage from a freight- 
carrying standpoint, discussion in subsequent 
sections of this article is confined to the main 
rural roads. 

Figure 2 shows the annual vehicle-miles 
of travel on main rural roads by 12-month 
periods ending each month (moving average) 
from the end of 1936, the first year of the plan- 
ning surveys, to August 1956. This method 
of presentation reduces the seasonal fluctua- 
tions. The portion of the curve from the end 
of 1946 through 1950 indicates that the in- 
crease averaged over 10 percent each year. 
Since 1950 the annual increases have been 
somewhat smaller: 1951, about 9 percent; 
1952, 7 percent; 1953, 5 percent; and 1954, 
2 percent. Travel on the main rural roads 
increased at a slightly faster rate in 1955, 
being more than 5 percent above the 1954 
total. 
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Figure 2.—Vehicle-miles of travel on main rural roads by 12-month periods ending each month, 1936 to August 1956, 
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Figure 3.—Travel on main rural roads by 12-month periods ending each month, 1951 to August 1956, as a percentage of travel in 1950. 


Geographical Distribution of Travel 


Travel on main rural roads in the eastern, 
central, and western census divisions of the 
country,? by 12-month periods ending each 
month, is shown in figure 3 as a percentage of 
such travel in 1950. Since 1950, traffic has 
consistently increased in all divisions but at a 
higher rate in the States included in the eastern 
divisions. During this period, travel in the 
central divisions likewise increased steadily but 
at a lower rate, and that in the western divi- 
sions increased at a rate somewhere between 
the rate found in the eastern divisions and 
that in the central divisions. Increases in 
the western and central divisions had been 
greater in the years prior to 1950. 

Figure 3 shows that at the end of 1955, 
travel on main rural roads of the eastern divi- 
sions was 33 percent higher than at the end 
of 1950, whereas in the central divisions it was 
29 percent higher, and in the western divisions, 
it was 31 percent above the 1950 level. 

The average daily vehicle-miles of travel 
on main rural roads by months are shown 
graphically in figure 4 for 1954, 1955, and the 





8 Eastern divisions—New England: Connecticut, Maine, 
Massachusetts, New Hampshire, Rhode Island, and Ver- 
mont. Middle Atlantic: New Jersey, New York, and 
Pennsylvania. South Atlantic; Delaware, Florida, Geor- 
gia, Maryland, North Carolina, South Carolina, Virginia, 
and West Virginia. Central divisions—East North Central: 
Dilinois, Indiana, Michigan, Ohio, and Wisconsin, East 
South Central: Alabama, Kentucky, Mississippi, and 
Tennessee. West North Central: lowa, Kansas, Minne- 
sota, Missouri, Nebraska, North Dakota and South Dakota. 
West South Central: Arkansas, Louisiana, Oklahoma, and 
Texas. Western divisions—Mountain: Arizona, Colorado, 
Idaho, Montana, Nevada, New Mexico, Utah, and Wyom.- 
ing. Pacific: California, Oregon, and Washington. 


first eight months of 1956. The graph shows 
that travel in 1955 was generally greater 
month by month in all divisions than it was 
in the previous year, except in the central 
divisions during February and in the western 
divisions during April. Likewise for the first 
eight months of 1956, travel exceeded that in 
1955 except in the western and central di- 
visions during February. 

The average daily travel on main rural 
roads in 1954 totaled 595 million vehicle-miles 
as compared with 625 million vehicle-miles in 
1955, a 5.1 percent increase. A comparison 
of average daily travel by divisions in 1954 
and 1955 is as follows: Eastern divisions, 195 
and 209 million vehicle-miles; central divi- 
sions, 298 and 308 million vehicle-miles; and 
western divisions, 102 and 108 million vehicle- 
miles, respectively. Percentage increases in 
1955 over 1954 for the respective divisions 
were 7.1, 3.6, and 5.4. 

Travel by passenger cars, single-unit trucks, 
and truck combinations has increased steadily 
each year since 1950 with the exception of 
1954 when travel by both classes of trucks 
was slightly under the 1953 totals. The in- 
crease in travel by passenger cars has averaged 
6.8 percent a year during the past 5 years, 
while the increase in travel by single-unit 
trucks has increased an average of only 3.6 
percent and that of the truck combinations, 
4.4 percent. 

These increases, although showing a steady 
gain, are much smaller than those found in 
some of the previous years. In the period 
1945-50, for instance, passenger-car travel 
increased an average of 20 percent each year, 
while single-unit truck travel increased almost 


as much and truck combinations averaged 
more than 27 percent. The 1950 surveys 
indicated a gain of almost 33 percent over the 
previous year for combination vehicles, while 
the single-unit trucks increased 12 percent. 
For the entire period from 1936 to 1955, 
inclusive, the total annual travel by passenger 
cars increased 147 percent; single-unit trucks, 
154 percent; and truck combinations, 455 
percent. 

Table 3 provides a comparison of the esti- 
mated vehicle-miles of travel on main rural 
roads in 1940, 1945, 1950, and 1955, and the 
percentage distribution of this travel by main 
vehicle types. The table shows that total 
travel in 1955 was 108 percent greater than 
it was in 1940, that passenger-car and bus 
travel was 103 percent greater, while truck 
and truck combination travel had increased 
125 percent. Single-unit truck travel in- 
creased 93 percent, while truck combination 
travel increased 248 percent. Other ratios 
show greater increases for combinations than 
for single-unit trucks in each instance. Al- 
though the 1954 vehicle-mileage totals for 
both single-unit trucks and truck combina- 
tions were slightly below 1953, that reversal 
of the general trend has now been eliminated 
and single-unit truck travel in 1955 was up 
3.6 percent and truck combination travel was 
5.7 percent higher than in the previous year. 


Growth of Automobile Travel Exceeds 
Trucks, 1950-55 
The ratios of 1955 traffic on main rural 


roads to corresponding traffic in 1950 by type 
of vehicle and by geographical divisions are 
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Figure 4.—Average daily travel on main rural roads in 1954, 1955, and in 
the first 8 months of 1956. 


given in table 4. For the United States as a 
whole, travel increased about 31 percent in 
1955 compared with 1950, an average annual 
increase of 6.2 percent. During this period, 
passenger-car. travel increased 34 percent, an 
average of 6.8 percent a year; trucks and truck 
combinations increased 19 percent, 3.8 per- 
cent annually; and bus travel decreased 13 
percent, 2.6 percent annually. Of the passen- 
ger-car travel, that of the local vehicles in- 
creased almost 34 percent, while the out-of- 
State vehicles increased at a slightly faster 
rate. Travel by the lighter weight single-unit 
trucks increased 18 percent during the 5-year 
period or 3.6 percent annually, while travel by 
the heavier combinations increased 22 percent, 
an average of 4.4 percent annually. The reduc- 
tion in bus travel was mostly in the commercial- 
type vehicles, inasmuch as the travel by school 
or nonrevenue buses increased about 2.4 
percent each year. 

The highest percentage increase in traffic 
was found in the East South Central division 
with the second highest increase in the South 
Atlantic division. On the other hand, the 
lowest percentage increase was found in the 
Middle Atlantie division with the second 
lowest rate of increase in the West North 
Central division. 
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A eomparison of 1955 travel figures with 
those of the previous year reveals that pas- 
senger-car travel increased slightly more than 
5 percent; truck and truck combination travel, 
slightly more than 4 percent; and all travel, 5 
percent. The highest rate of increase was 
found in the Middle Atlantic division, with 
the second highest rate in the South Atlantic. 


The large increase in travel found in the 
Middle Atlantic division was due, to a great 
extent, to an unusually large number of out- 
of-State vehicles traveling in that one division. 

The percentage distribution of travel by 
vehicle types on main rural roads in the sum- 
mer of 1955, according to geographical divi- 
sions, is given in table 5. The table shows 
that the largest percentage of passenger-car 
travel was in the Pacific division, with that in 
the New England division following closely. 
A comparison of truck travel shows that the 
West South Central division has the highest 
percentage of travel by all types of trucks and 
combinations, with the East South Central 
and Mountain divisions following in order. 
The lowest percentage for truck travel was 
found in the Pacific division with the New 
England division only slightly higher. Travel 
by all types of combinations in the East North 
Central division exceeded all others and was 
followed closely by the West South Central 
division. When the comparison is restricted 
to truck and trailer combinations, it can 
readily be seen that travel by this type is 
heavily concentrated in the Pacific, Mountain, 
and East North Central divisions. 

When the percentage distribution of travel 
by types of motor vehicles given in table 5 is 
compared with a similar distribution previ- 
ously published for 1950, it is found that 
during the 1950-55 period, the percentage of 
passenger-car travel to total travel increased 
from 76.15 to 78.50; that of single-unit trucks 
decreased from 15.63 to 14.11 percent; and 
combinations decreased from 7.21 to 6.72 
percent. These figures show, as was noted in 
the discussion concerning table 4, that travel 
by trucks and combinations has not expanded 
as fast as passenger-car travel since 1950. 


Special Survey Made in 1955 


Certain special information was gathered in 
the summer of 1955 concerning travel on 
main rural roads by freight-carrying vehicles. 
These data provided interesting and useful 
information concerning freight movements 
that ordinarily are not available. The infor- 
mation collected made possible the calculation 
of the percentage relation of travel by single- 
unit trucks and truck combinations; class of 


Table 3.—Comparison of estimated vehicle-miles of travel on main rural roads in 1940, 
1945, 1950, and 1955 


























Passenger cars and | All trucks and truck 
buses combinations Single-unit trucks |Truck combinations 
All 
vehicles, Percent- Percent- 
Year vehicle- age of all age of all 
miles |§Percent-| Vehicle- | Percent-| Vehicle-| trucks | Vehicle-| trucks | Vehicle- 
age ofall| miles | ageofall| miles and miles and miles 
vehicles vehicles truck truck 
combina- combina- 
tions tions 
Millions Millions Millions Millions Millions 

eee 109, 815 80.8 88, 715 19.2 21, 100 79.1 16, 699 20.9 4, 401 
ee 85, 792 78.0 66, 885 22.0 18, 907 71.9 13, 602 28. 1 5, 305 
1945: 1940 ratio......-- -78 oie 76 1.16 - 90 -91 -81 1.34 1.21 
: __, aaa 174, 349 77.2 134, 527 22.8 39, 822 68. 4 27, 257 31.6 12, 565 
1950: 1945 ratio.....-.- 2.03 99 2.01 1.04 2.11 95 2.00 1.12 2. 37 
1950: 1940 ratio.......- 1.59 96 1.52 1.19 1.90 - 86 1.63 1.61 2. 86 
a ee 227, 988 79. 2 180, 507 20.8 47, 481 67.8 32, 173 32.2 15, 308 
1955: 1950 ratio.....-.. 1.31 1.03 1.34 -91 1.19 99 1.18 1.02 1.22 
1955: 1945 ratio......-.- 2.66 1.02 2.7 95 2.61 94 2. 87 1.15 2. 89 
1955: 1940 ratio_....-.- 2.08 -98 2.03 1.08 2.25 . 86 1.93 1.54 3.48 


























Table 4.—Ratio of 1955 traffic on main rural roads to corresponding traffic in 1950, by divisions 















































































Eastern divisions Central divisions Western divisions Sense 
nite 
Vehicle type States 
New Middle | South East East West West Moun- average 
England | Atlantic | Atlantic | Average | North South North South | Average tain Pacific | Average 
> Central | Central | Central | Central 
‘assenger cars 
- — PERRIS ee Ser ae eae ee 1.61 1.12 1. 50 1.35 1. 28 1.73 1.19 1.32 1.32 1,29 1.40 1.37 1,34 
PE inod tenddbdcewaredscdanwaccmace 1.11 1. 25 1.70 1.43 1. 27 1. 58 1.32 1.28 1.33 1.31 1.09 1.23 1.35 
All passenger cars. .........---.--.--- 1. 46 1.15 1. 55 1.37 1,28 1.68 1,21 1.31 1.32 1.30 1.36 1.34 1.34 
Trucks and truck combinations: 
Single-unit trucks.............-.------- 1.24 1.20 1.34 1.27 1.09 1.11 1.03 1. 26 1.13 1.38 1.16 1.26 1.18 
Truck combinations__-.......-..---- cae 1.13 1.03 1.13 1.09 1.20 1.48 1.32 1. 57 1,34 1, 29 1.09 1.16 1, 22 
All trucks and combinations-_--_-.---.- 1.21 1.15 1.28 1.20 1.13 1.19 1.12 1.32 1.17 1.35 1.13 1.22 1.19 
MN 20024 in oakaadatecnebeiieusedietce 88 87 - 96 .92 - 76 -80 70 .97 81 -70 1.14 - 96 87 
SN i bails i tal nei ininea tiie 1.40 1.15 1,48 1.33 1, 24 1.51 1.19 1.32 1. 29 1.31 1.32 1.32 1.31 
Table 5.—Percentage distribution of travel by vehicle types on main rural roads in the summer of 1955, by divisions 
Eastern divisions Central divisions Western divisions Seiies 
nite 
Vehicle type States 
New Middle | South East East West West Moun- average 
England | Atlantic | Atlantic | Average | North South North South | Average tain Pacific | Average 
Central | Central | Central | Central 
Passenger cars: 
Local 63. 57 60. 61 57. 32 59. 39 56. 49 50. 22 62. 45 58. 73 57. 28 43.08 75. 41 63. 31 59. 02 
19. 33 17.7 21. 62 19. 90 23.17 23. 83 17. 34 14. 47 19. 86 32. 68 8. 53 17. 57 19, 48 
All SRS ea 82. 90 78. 31 78. 94 79. 29 79. 66 74.05 79. 79 73. 20 77.14 75. 76 83. 94 80. 88 78. 50 
Single-unit trucks: 
ee 3. 87 5. 98 7.40 6. 38 5.15 9.79 6. 22 11.31 7.69 10. 64 6.95 8.33 7.37 
Other 2-axle, 4-tire__ 1.48 3. 86 . 76 1. 96 BY y -03 -40 -05 -17 -91 «ae . 82 . 88 
Other 2-axle, 6-tire_. 5. 87 4.99 5. 69 5.47 5.18 8. 02 5. 82 5. 69 5. 91 6.138 1.91 3.49 5. 34 
TN cntctintieaencne Zi -40 - 63 . 76 . 66 45 . 57 -42 - 26 41 . 57 . 57 . 57 - 52 
All single-unit trucks_............---- 11. 62 15. 46 14. 61 14, 47 10. 95 18. 41 12. 86 17.31 14.18 18. 25 10. 20 13. 21 14.11 
Truck tractor and semitrailer combinations: 
Wiiteieretaesidactencecsenensrchseces 3. 53 4.31 2.27 3.17 3.16 4.16 2. 21 3.15 3.12 1.41 . 67 - 95 2.77 
4-axle__.._...- 1.15 1.18 3. 32 2. 25 4.31 2. 42 3.40 5. 22 4.04 1.29 . 59 .85 2. 89 
5-axle or more -02 -01 .02 - 02 - 76 -07 1.00 .38 - 60 1.85 1.30 1, 50 - 56 
All truck-tractor and semitrailer com- 
RE 4.70 5. 50 5.61 5. 44 8. 23 6. 65 6. 61 8.75 7. 76 4.55 2. 56 3. 30 6. 22 
Truck and trailer combinations: 
lb cin cntimeoceneneen -01 13 03 - 06 . 09 01 - 20 03 09 22 -13 16 10 
_ tS RO ie SKS PAS 01 01 -01 ey, re yt ee ae ee 19 . 57 1.69 1,27 31 
odd ee wclekGe Ei licccagee ) abduakas | anmancne te eR ME Tcnocumme . 04 05 - 63 .42 09 
All truck and trailer combinations-_--- -01 14 04 -07 - 68 01 . 25 03 .32 . 84 2. 45 1.85 50 
All combinations_.............-.-.--- 4.71 5. 64 5. 65 5. 1 8.91 6. 66 6. 86 8.78 8.08 5.39 5.01 5.15 6. 72 
All trucks and truck combinations_...._...- 16. 33 21.10 20. 26 19. 98 19. 86 25.07 19, 72 26. 09 22. 26 23. 64 15. 21 18. 36 20. 83 
Buses--..... canna ner trae wameeubwrecek 77 . 59 . 80 -73 48 - 88 .49 71 - 60 60 ~85 76 67 
ee We ig ortnn ecetiwevesncceudasdncdes 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 


















































carrier (Interstate Commerce Commission 
authority, other for-hire, and private haulers) ; 
area of travel (interstate or intrastate trips); 
and road system traveled (Interstate system 
or other main roads). In addition, the 
average trip length of all vehicles sampled was 
tabulated according to major vehicle types 
and class of carrier. Since the samples were 
taken during the summer months, they 
represent the distribution of traffic in that 
season only and may not, in some respects, 
represent the annual distribution. 

Table 6 shows the percentage of vehicle- 
miles of travel by trucks and truck combina- 
tions, according to class of carrier and type 
of trip (interstate or intrastate) in the summer 
of 1955. This table indicates, as might have 
been assumed, that the largest portion of 
travel was by private haulers making intra- 
state trips on main rural roads other than the 
Interstate system. The smallest amount of 
travel was performed by for-hire vehicles 
operating without ICC authority, and making 
interstate trips. About 73 percent of all 
truck travel was by private haulers, and the 
remaining 27 percent was by for-hire vehicles 
of which about 18 percent had ICC authority 
numbers. Slightly over 30 percent of the 
trips involved interstate travel, and the 


102 


remainder had origins and destinations within 
a single State. 

In a similar manner table 7 shows the 
percentage of ton-miles of freight hauled by 
trucks and truck combinations, according to 
class of carrier, and type of trip, in the 
summer of 1955. It is evident from a 
comparison of tables 6-7 that the heavier 
loads were carried generally on the Interstate 
system by vehicles operating with ICC au- 
thority numbers and especially, those vehicles 
engaged in interstate travel. Although ve- 
hicles traveling on the Interstate system with 
ICC authority numbers and making trips 


through more than one State accounted for 
3.42 percent of the total main rural road travel, 
these vehicles carried 9.15 percent of all 
freight transported, a ratio of 1 to 2.68. 
On the other hand, private haulers using the 
main roads (other than Interstate system) 
and traveling within a single State accounted 
for about 45 percent of the travel but only 22 
percent of the ton-mileage, or a ratio of 1 to 
0.49. Common carriers frequently are able 
to obtain two-way loads whereas private 
haulers usually are limited to one-way loads, 
which may account for the larger proportion 
of freight transported by the common carriers. 


Table 6.—Percentage of vehicle-miles of travel by trucks and truck combinations, by type 
of carrier and type of trip (interstate or intrastate), in the summer of 1955 











ICC au- | Other for- | Private All ve- 
System and trip type thority hire ve- haulers hicles 
vehicles hicles 
Interstate (rural) highway system: 
I 020 Ja dunesakviibbaqadatnunbaadaaancceneccalidad 3. 42 0. 62 4, 28 8. 32 
PT TIE edad nnccaghabbiuskatueee tena uckoubckecsncngadecis 1.70 1. 25 11. 83 14. 78 
adh deinhchae hic iecidie htc labo ibatinsg ie rcarel ais Sua thee eebanagiae es 5.12 1. 87 16.11 23. 10 
Other main rural roads: 
pS EC eS a 8. 49 1.83 11. 69 22.01 
| et SRE Re ee Bake 4.77 4.72 45. 40 54. 89 
Ns AOR ain GUE SEAS vcnicin pin dm bkba dels taguerretieniwes 13. 26 6. 55 57.09 76. 90 
All main rural roads: 
PIII 33 oo ox ba csnuniues Didka tna cnewccusesésonudesaae 11. 91 2.45 15. 97 30. 33 
BS RE ER ee ae ee ae 6. 47 5.97 57. 23 69. 67 
EKA bitin be rhtdnacesetitwicibandet. datndoadnacawabias bh 18. 38 8. 42 73. 20 100. 00 
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Table 7.—Percentage of ton-miles of freight hauled by trucks and truck combinations, 
by type of carrier and type of trip (interstate and intrastate), in the summer of 1955 























ICC au- | Other for-| Private All ve- 
System and trip type thority hire ve- haulers hicles 
vehicles hicles 
Interstate (rural) highway system: 
ee, RE EE ESE TE Pre eee eee Oe 9.15 1. 46 5. 28 15. &9 
| ae Sanpete nade Aereni i). seed ae. BI 2. 78 2. 37 6. 56 11.71 
RR eee as Sse eae eae 2st | ee 11.93 3. 83 11. 84 27. 60 
Other main rural roads: 
pS. Sn os EEE OES oT Ls 20. 07 3.09 12.35 35. 51 
Ee ee ee en, Se ee Seopa oe 7.14 7. 36 22. 39 36. 89 
Oe iss cpisiesdbnn sceutebegeuniprenscdens he 27. 21 10. 45 34. 74 72. 40 
All main rural roads: 
ES SEE Ce aie Oe re eee ee ee 29. 22 4. 55 17. 63 51. 40 
er arcy cob s~ 3 ee caete teense te teaweensnees 9. 92 9. 73 28. 95 48. 60 
I ica chee eth oiene she budeeenad gluten mbaernesrmme 39. 14 14, 28 46. 58 100. 00 








Table 8.—Average trip length (one way) of freight-carrying vehicles bearing Interstate 
Commerce Commission authority numbers, those without ICC authorization but 
engaged in for-hire travel, and those engaged in private hauling, in the summer of 1955 





slightly smaller. The heaviest average 
weights for loaded trucks and truck combina- 
tions of all types were recorded in the Pacific 
division, with the average in the Mountain 
division slightly lower. At the other ex- 
treme, the lowest average weights for all types 
of loaded vehicles were in the East South 
Central division. Average empty weights of 
vehicles followed an area distribution pattern 
similar to that for the average loaded weights. 


Relation of Payload to Total Weight 


If it is assumed that the average empty 
weight of loaded vehicles of a given type is the 
same as the average weight of empty vehicles 
of the same type, then subtracting average 
empty weight from average loaded weight 
gives average carried load for the vehicle type. 
On this basis, the average loads carried in 
vehicles of different types and the relation of 








ICC Other Private All 
Vehicle type authority for-hire haulers vehicles 
vehicles vehicles 
Miles Miles Miles Miles 
Shinar I oh 5 oct eta Same ene n een sed i 27 20 15 15 
EVIE CII 5 oS acet ecacct nwt estacuresaunetabdacessseks 120 77 75 91 
All. trentieg ain GOmAORAGIOG 6 «<5 ees ooo dewemencetocecsasthede 95 30 21 28 




















Possibly the most interesting information 
derived from the special study made in 1955 
is the data given in table 8 concerning the 
average trip lengths of freight-carrying ve- 
hicles. Trip lengths have been adjusted to 
eliminate duplications in sampling due to 
length of trip, since the probability of a trip 
being recorded, under the method of sampling 
used, is in direct proportion to the length of 
the trip. From this table it is seen that the 
longest trips were made by truck combinations 
operating with ICC authorization; on the other 
hand, single-unit trucks in private operation 
generally made the shortest trips. 


Weight Stations Operated 


During the summer of 1955, a total of 519 
loadometer or pitscale stations were operated 
in 44 States for the purpose of collecting data 
concerning vehicle types, weights, and loading 
practices. During this survey all vehicles 
(passenger cars, single-unit trucks, truck com- 
binations, and buses) were counted and freight- 
carrying vehicles were classified according to 
the number of axles and tire equipment. 
Approximately 135,000 trucks and truck 
combinations were weighed, and a record was 
made of the type of vehicle, the weight of its 
axles, the spacing (in feet) between each pair 
of axles, and whether the vehicle was loaded 
or empty. 

The stations used in the 1955 survey were 
located at the same points as in former years, 
most of them being at sites operated in the 
original surveys in the 1936-40 period. From 
comparable data collected at these locations, 
trends in travel, loading practices, and carried 
loads were obtained, which, when applied to 
former estimates derived from comprehensive 
Surveys, gave current estimates of annual 
vehicle-miles traveled by loaded vehicles and 
the carried load. The product of these two 
factors is the ton-miles of carried load. 
Data concerning the frequency of overloading 
and of heavy axle and heavy gross weight 
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occurrence also were made available. The 
remaining tables and charts in this article 
have been calculated by means of these trends, 
or by combining the actual data gathered in 
the summer survey with vehicle-mileage data 
developed from trends. 

The average weights of loaded and empty 
trucks and truck combinations in 1955, 
according to vehicle types, are given in table 9 
for the United States as a whole. From this 
table it is seen that about 55 percent of all 
freight-carrying vehicles were loaded, weighing 
an average of 24,336 pounds; empty vehicles 
averaged 9,426 pounds, and the average of all 
vehicles, loaded and empty, was 17,592 pounds. 
Data for 1955 compared with 1950 show that 
the weights of loaded single-unit trucks 
increased over 3 percent in the 5-year period; 
truck combinations, over 6 percent; and for 
all loaded vehicles, 5 percent. The weights 
of all empty vehicles increased 5 percent, 
although the weights of empty single-unit 
trucks decreased 2.5 percent and empty truck 
combinations increased over 9 percent. 

The heaviest average weights of loaded 
single-unit trucks in 1955 were found in the 
South Atlantic division, with those in the 
New England division being slightly less. 
The heaviest average weights of truck com- 
binations were found in the Pacific division, 
with those in the Mountain division being 


these loads to the average loaded weights of the 
vehicles are as shown in table 10. Thus, in 
general, the heavier the vehicle type the larger 
the proportion of the gross weight that con- 
sists of carried load or payload. The payload 
for trucks and combinations with three or 
more axles averages about one-half of the total 
weight of the loaded vehicle, whereas for 
two-axle vehicles it averages much less. 


Travel by Loaded and Empty Trucks 


The relation of travel by loaded and empty 
trucks and truck combinations has changed 
considerably since the prewar period. From 
1936 to 1941, between 60 and 65 percent of 
the single-unit trucks were loaded. When war 
was declared and driving restrictions were in- 
voked, many small truck owners found it 
advantageous to use their vehicles for general 
transportation purposes. Thus, it soon devel- 
oped that the lighter weight trucks were being 
used more frequently for personal transporta- 
tion than had previously been the case. 

During the war period, the larger as well as 
the smaller single-unit trucks were used for 
the transportation of goods on less than half 
of their travel. Following World War II, the 
popularity of the lightweight trucks as a 
means of personal transportation continued, 
and in 1950 only about 47 percent of their 
travel involved carrying a load. The corre- 
sponding figure for 1955 was 48 percent. At 
no time since the war has travel by loaded 
single-unit trucks equaled that of empty 
vehicles of this type. 

For truck combinations, the relation of 


Table 9.—Average weight of loaded and empty trucks and truck combinations, by vehicle 
types, in the summer of 1955 


























Weight Percentage | Weight Percentage | Weight 
Vehicle type loaded loaded empty empty loaded and 
empty 
Single-unit trucks: Lbs. Lbs. Lbea. 
EE ee eee 5, 421 37. 47 4,173 62. 53 4, 641 
eg 2 Se ee eee ee 6, 317 55. 16 4, 865 44.84 5, 666 
og ON a ee 14, 672 61.16 8, 572 38. 84 12, 302 
RR CAB: SR: ee ee 30, 471 60. 05 14, 765 39. 95 24, 196 
TARE, apnea nln anc ay Age oe 11, 241 48. 38 , 755 51. 62 ) 
Truck combinations: 
Truck-tractor and semitrailer_............-.--..- 42, 695 68. 24 21, 482 31. 76 35, 959 
eo. ee eee 62, 428 67. 82 27, 232 32.18 51, 101 
i ae sehe einen dcawerse Sienna 44, 155 68. 21 21, 912 31. 79 ° 
Average, all trucks and combinations.-.............- 24, 336 54.77 , 426 45. 23 17, 592 











Table 10.—Average carried loads by trucks and truck combinations in the summer of 
1955, in relation to the average loaded weights of such vehicles 











Average Average Average | Relation of 
Vehicle type loaded empty carried carried load 
weight weight load to loaded 
weight 
Single-unit trucks: Lbs. Lbs. Lbs. Pet. 
dc nensivinnseenhansnind diiicawnbosadag 5, 421 4,173 1, 248 23.0 
op ON ES ee ee eee ee 6, 317 4, 865 1, 452 23.0 
CN PO IOs 6 dasiin bode So cssnds ane conkers en csoesectenecus 14, 672 8, 572 6, 100 41.6 
Gs ec ganreeddtemdolpiwwedbnmate 30, 471 14, 765 15, 706 51.5 
Truck combinations: 
Truck-tractor and semitrailer - - - - - —a Sperebdibevnausaedheucaee 42, 695 21, 482 21, 213 49.7 
8, RT I ciate maeierdenaaaanlta 62, 428 27, 232 35, 196 56. 4 

















travel between loaded and empty vehicles has 
been fairly uniform throughout the entire 
period. In 1936, 72 percent of the travel by 
these vehicles involved the carrying of goods, 
as compared with 69 percent in 1950, and 68 
percent in 1955. . 


Carried Loads Increase 


Average loads carried by trucks and by 
truck combinations have increased slowly each 
year. The largest increase for single-unit 
trucks, 1.86 to 2.29 tons, took place between 
1936 and 1941. Since that time average 
carried loads have not changed materially, 
being 2.31 tons in 1950 and 2.47 tons in 1955. 
From 1936 to 1955, the average carried loads 
hauled by single-unit trucks increased 33 
percent. On the other hand, average loads for 
truck combinations increased rather steadily 
from 1936 to 1950, and at a reduced rate from 
that year to 1955. For 1936 the average 
carried load for combination-type vehicles was 
6.90 tons; in 1950, it was 10.62 tons; and in 
1955, it was 11.07 tons. The overall increase 
was 60 percent. 

Due to the increased use of truck combina- 
tions, the average weight of loads carried by all 
trucks and truck combinations increased at a 
still faster rate than for either single-unit 
trucks or combinations considered separately. 
Loads hauled by all types of trucks averaged 
2.90 tons in 1936, 5.64 tons in 1950, and 5.92 
tons in 1955; thus the total increase was 104 
percent. 


Volume of Freight Hauled 


Ton-mileage data provide a measure of the 
volume of freight hauled on any highway or 
system of highways. The actual volume of 
freight carried annually from 1936 to 1955, 
inclusive, by trucks and truck combinations 
on main rural roads is shown in figure 5. The 
chart shows the tremendous growth in ton- 
miles of freight transported by truck combina- 
tions since the beginning of the planning sur- 
veys. In 1936 an estimated 13.7 billion ton- 
miles were transported by combination-type 
vehicles, and slightly less than 14.3 billion ton- 
miles were transported by single-unit trucks. 
By 1940, the combination vehicles were haul- 
ing slightly more than the single-unit trucks, 
and in 1955 the ton-mileage hauled by com- 
binations was three times that of single-unit 
trucks, 

The growth in ton-mileage by single-unit 
trucks and truck combinations from 1936 to 
1955 is illustrated in another manner in figure 


104 





6. Ton-mileage is the product of the vehicle- 
mileage traveled by loaded vehicles and the 
average tonnage carried by each vehicle. 
This chart shows the changes that have taken 
place in each of these factors. ‘The horizontal 
scale measures the vehicle-mileage for loaded 
vehicles of each type, and the vertical scale 
measures the average carried load. Ton- 
mileage, the product of these two factors, is 
represented by the areas of the rectangles. 
For single-unit trucks, the increase in ton- 
mileage from 14.3 billion in 1936 to 38.5 
billion in 1955 came about mainly through an 





increase in the mileage traveled by loaded 
vehicles, since there was very little increase in 
the average carried load for this class of vehi- 
cles, especially from 1950 to 1955. For truck 
combinations, the increase in ton-mileage 
from 13.7 billion in 1936 to 115.6 billion in 1955 
was the result of a substantial increase in the 
average carried load and a much greater pro- 
portional increase in mileage traveled by 
loaded vehicles. 

It can be seen from figure 6 that almost the 
entire development of the movement of freight 
over the highways by the heavy combination- 
type vehicles has taken place since 1936. In 
that year, over one-half of the. hauling, 
measured in ton-mileage, was performed by 
single-unit trucks; in 1955, about three- 
fourths of it was done by the heavy combina- 
tion vehicles. 

A comparison of the estimated percentage 
of trucks loaded, average carried load, and 
ton-miles of freight carried on main rural roads 
in 1940, 1945, 1950, and 1955 is given separate- 
ly for single-unit trucks and truck combina- 
tions in table 11. The table shows the extent 
to which the ton-mileage gains were due to 
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Figure 5.—Ton-miles carried by trucks and truck combinations on main rural roads, 
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Figure 6.—Vehicle-miles of travel, average carried load, and ton-miles carried by trucks and truck 
combinations on main rural roads in 1955 compared with 1936 and 1950. 


increased loading per vehicle. The increases 
beyond this point resulted, of course, from 
increased mileage by loaded vehicles. 


In considering the 1955: 1940 ratios shown 
in the final entry of the table, for example, it 
is observed that the ton-mileage hauled by 


Table 11.—Comparison of estimated percentage of trucks loaded, average carried load, 
and ton-miles carried on main rural roads in 1940, 1945, 1950, and 1955 























All trucks and truck Single-unit trucks Truck combinations 
combinations 
Year Average Average Average 
Per- “-— Ton- Per- weight Ton- Per- weight Ton- 
centage r+) miles centage of miles | centage of miles 
loaded | carried | carried | loaded | carried | carried | loaded | carried | carried 
load load load 
Tons Millions Tons Millions Tons Millions 
TONS g5.ccteedu pec 65.9 3. 32 46, 247 64.4 2.13 22, 899 71.6 7.41 23, 348 
. ae vocinwes 55.1 4. 84 50, 365 49. 6 2. 40 16, 187 69. 2 9. 31 34, 178 
1945: 1940 ratio..........- . 83 1.46 1.09 ate 1.18 ova 97 1. 26 1.46 
oy amp aE EN Se abl 53.9 5. 64 121, 091 47.2 2.31 29, 645 68.5 10. 62 91, 446 
1950: 1946 ratio. _.......-- 98 1.17 2. 40 95 - 96 1. 88 99 1.14 2.68 
1950: 1940 ratio.....------ . 82 1.70 2.62 738 1.08 1.29 - 96 1.48 3. 92 
[| PRT epeeeeen 54.8 5. 92 154, 050 48.4 2. 47 38, 487 68. 2 11.07 115, 563 
1956: 1960 ratio. .____.__.- 1.02 1.05 1.27 1.08 1.07 1.80 99 1.04 1.26 
1955: 1946 ratio.......__-- 99 1.22 8.06 98 1.08 2.38 98 1.19 8.38 
1955: 1940 ratio.......-..- . 83 1.78 3.33 75 1.16 1.68 95 1.49 4.96 


























Table 12.—Percentage of vehicle-miles of travel, percentage loaded, average carried load, 
and percentage of total ton-miles carried on main rural roads in 1955 compared with 














1950 
Percentage of ve- Percentage Average carried Percentage of 
hicle-miles o: loaded l ton-miles carried 
Vehicle type travel 
1955 1950 1955 1950 1955 1950 1955 1950 
Single-unit trucks: Tons | Tons 
Panel and pickup--...-.....-------- 35. 37 31. 35 37.5 37.4 0. 75 0. 69 3.05 2. 
Other 2-axle, 4-tire................_.- 4. 22 2.79 55.2 52.4 1.01 93 72 45 
Other 2-axle, 6-tire..................- 25. 66 32. 63 61.2 55.9 3.53 3. 20 17.09 19. 06 
el Se Te ae eee ae 2. 51 1.68 60. 1 58.3 8. 85 7.23 4.12 2. 32 
All single-unit trucks__..........-- 67. 76 68. 45 48.4 47.2 2. 47 2.31 24. 98 24. 48 
Truck combinations: 
Truck-tractor and semitrailer_______- 29. 86 29. 43 68. 2 68.9 10.75 | 10.32 67. 53 68. 87 
moos eee 2. 38 2.12 67.8 62.3 15.04 | 15.32 7.49 6. 65 
All truck combinations_-_-._.._._-- 32. 24 31. 55 68. 2 68.5 11.07 | 10.62 75. 02 75. 52 
All trucks and combinations ..........-- 100. 00. 100. 00 54.8 53.9 5. 92 5. 64 100. 00 100. 00 
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combinations was almost five times as great at 
the end of this 15-year period as it was at the 
beginning, while the ratio for the average 
weight of carried load was 1.49, and the ratio 
for the percentage of vebicles loaded was 0.95. 
As shown in table 3, the corresponding ratio 
for the mileage traveled by all vehicles of the 
combination type, both loaded and empty, 
was 3.48, and when multiplied by 0.95 the 
ratio becomes 3.31 for loaded vehicles. Ob- 
viously, most of the enormous increase in ton- 
mileage was due to increased vehicle-mileage 
rather than to heavier loading, thevgh the 
latter factor was of considerable importance in 
the case of the combination-type vehicle. 

For single-unit trucks, the percentage of 
vehicles loaded decreased more than the 
average load increased during the period 
1940-55. In other words, there was an actual 
decrease in the average load for vehicles of this 
type when both loaded and empty vehicles 
were included in computing the average. The 
68-percent increase in ton-mileage carried by 
single-unit trucks was therefore smaller than 
the increase in vehicle-mileage, which was 93 
percent, as shown by the ratio in table 3. 

Comparative information concerning the 
percentage of vehicle-miles of travel, per- 
centage of vehicles loaded, the average carried 
load, and percentage of total ton-miles hauled 
on main rural roads in 1955 and 1950 is given 
in table 12. Many interesting comparisons 
can be made from these data. For instance, 
two-axle, six-tire, single-unit trucks, which 
are the principal load-carrying single-unit 
vehicles, account for 26 percent of the total 
truck travel, yet carry only about 17 percent 
of the ton-mileage. On the other hand, truck- 
tractor and semitrailer combinations account 
for slightly less than 30 percent of the total 
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PERCENTAGE OF VEHICLE MILEAGE 
Figure 7.—Percentage of vehicle-miles traveled by various types of trucks and truck 
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PERCENTAGE OF TON-MILEAGE 
Figure 8.—Percentage of ton-miles hauled by various types of trucks and truck 


combinations on main rural roads in 1955 compared with 1950. 


40 


travel (only a little more than the two-axle, 
six-tire trucks), but carry almost 68 percent 
of the ton-mileage or almost four times th« 
amount carried by the smaller vehicles. 

The data concerning percentage of vehicles 
loaded and average carried load are also in- 
teresting. Panels and pickups, which carry 
loads of three-fourths of a ton or less, trave] 
loaded less than 38 percent of the time. 
Assuming that there is a return trip with no 
load for each trip with a load, only 75 percent 
of the travel can be accounted for on the basis 
of the hauling of goods. Since vehicles are 
often loaded in both directions, the use of 
these vehicles as a substitute for passenger 
cars must be well in excess of 25 percent of 
their total travel. 

The slightly larger two-axle trucks with 
single rear tires and carrying loads averaging 
around one ton are loaded about 55 percent 
of the time and surveys indicate little use for 
personal transportation. The same is true of 
the larger single-unit vehicles that operate 
with a load 60 to 61 percent of the time. 
Many of the truck combinations are common 
carriers which seldom are operated empty, 
inasmuch as they continually pick up and 
discharge freight. Combinations are found 
loaded, therefore, in greater proportion than 
the large single-unit trucks. Many of the 
latter type carry loads of a one-way variety, 
such as hauling building materials to con- 
struction projects, which tends to reduce the 
percentage loaded. 


Shift to Two-Axle Semitrailers 


The percentage of vehicle-mileage traveled 
by trucks of various types in 1955 compared 
with 1950 is shown in figure 7. An interesting 
fact shown by this chart is the great shift 
that took place in the 5-year period from 
single-axle semitrailers to those equipped with 
dual axles. In the earlier period, 18.5 
percent of the truck and truck combination 
travel was performed by two-axle tractors 
pulling single-axle semitrailers, while travel 
by the same type of tractor with dual-axle 
semitrailers amounted to only 9.0 percent. 

The 1954 and 1955 survey figures indicated 
that this relation has changed materially, and 
the percentage for the dual-axle semitrailers 
now exceeds the percentage for the single-axle 
semitrailers. Considerable expansion in the 
use of three-axle tractors pulling semitrailers 
equipped with dual axles likewise may be 
noted, though the percentage for this vehicle 
type is still relatively low for the country as a 
whole. These vehicles are found principally in 
the western divisions, although more are being 
used elsewhere, especially in the north central 
divisions. This shift from one-axle to two-axle 
semitrailers apparently has taken place in 
order that maximum possible payload can be 
carried under the weight restrictions in effect 
in some States. 

The percentage of ton-miles hauled by vari- 
ous truck types in 1955 compared with 1950 
is shown in figure 8. This chart emphasizes, 
even more so than figure 7, the shift between 
1950 and 1955 from three-axle tractor-semi- 
trailer combinations to four- and _five-axle 
combinations. In 1955 the four-axle combina- 
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Figure 9.—Number of gross loads of 30,000, 40,000, and 50,000 pounds or more, per 1,000 
loaded and empty trucks and truck combinations, on main rural roads in the summers 


of 1942-55 and a prewar year. 


tions accounted for a larger portion of the ton- 
mileage than any other single vehicle type, 
whereas in 1950 the three-axle combinations 
predominated. 


Heavy Gross-Load Frequencies 


The frequencies of gross loads of 30,000, 
40,000, and 50,000 pounds or more per 1,000 
trucks and truck combinations on main rural 
roads in the summers of 1942 to 1955, and ina 
prewar period (1936-37) are shown in figure 9. 
During this period of about 19 years the trend 
of the frequency of vehicles weighing 50,000 
pounds or more was consistently upward, al- 
though at a generally lower rate of increase 
from 1951 to 1954, and the frequency of those 
weighing 40,000 pounds or more was generally 
upward with temporary drops in 1947, 1952, 
and 1954. The long-range trend in frequency 
of weights of 30,000 pounds or more was also 
upward, but there was a substantial decline 
from 1945 to 1947 and temporary declines in 
1952 and 1954. The 1945 to 1947 decline was 
quite temporary and was followed by a rapid 
rise in 1950. 

Since 1950 the frequency of weights of 
30,000 pounds or more has fluctuated up and 
down within comparatively narrow limits. 
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While the frequencies of vehicles weighing 
30,000 pounds or more and those weighing 
40,000 pounds or more were slightly lower in 
1954 than in 1953, the 1955 frequencies in each 
case reached an all-time high. In 1955 the 
frequency of vehicles weighing 50,000 pounds 
or more likewise reached a peak. Since the 
beginning of the planning surveys in the 1936-— 
37 period, the frequency of loads of 30,000 
pounds or more increased almost 5 times, 





those of 40,000 pounds or more increased over 
11 times, and those of 50,000 pounds or more 
increased 25 times. 

The 1955 gross-weight frequency data, by 
vehicle types, are presented in table 13. 
Since no panels, pickups, or other two-axle, 
four-tire, single-unit trucks were found in the 
survey weighing as much as 30,000 pounds, 
there is no entry for these vehicles in the table. 
They are included, however, in the total num- 
ber of vehicles weighed in computing the fre- 
quencies for all single-unit trucks and for all 
trucks and combinations. 

In addition to the gross-weight frequencies 
of vehicles traveling on main rural roads, the 
variation of these frequencies among the sev- 
eral geographical divisions is interesting. The 
highest frequency of vehicles weighing 30,000 
pounds or more (286 in 1955) was found in the 
East North Central division, with the Pacific 
division having the second highest frequency 
(246). The lowest frequency (158) was in the 
East South Central division. Similarly, the 
highest frequency of vehicles weighing 40,000 
pounds or more (191) was found in the East 
North Central division, with the second high- 
est frequency (188) in the Pacific division. 
On the other hand, the highest frequency of 
vehicles weighing 50,000 pounds or more (162) 
was found in the Pacific division, with the 
second highest frequency (114) in the East 
North Central division. The lowest fre- 
quency for this weight group (22) was found 
in the East South Central division. 


Table 13 shows that the frequency of heavy 
vehicles is increasing. In the last 5 years the 
frequency of vehicles weighing 30,000 pounds 
or more increased 10 percent, vehicles weigh- 
ing 40,000 pounds or more increased 16 per- 
cent, and those weighing 50,000 pounds or 
more increased 29 percent. 

Combining the increases in the frequencies 
of heavy vehicles with the increases in travel 
by trucks and truck combinations, the mileage 
traveled in 1955 compared with 1950 by ve- 
hicles weighing 30,000, 40,000, and 50,000 
pounds or more increased 31, 39, and 54 
percent, respectively. 


Heavy Axle-Load Frequencies 


The number of axles weighing 18,000, 
20,000, and 22,000 pounds or more, per 1,000 
trucks and truck combinations, found on main 


Table 13.—Frequency of heavy vehicles of 30,000, 40,000, and 50,000 pounds or more, per 
1,000 loaded and empty trucks and truck combinations, on main rural roads in the 


summer of 1955 by main vehicle types 





























Number of vehicles, per 1,000 trucks and 
truck combinations, weighing— 
Vehicle type 
30,000 pounds | 40,000 pounds | 50,000 pounds 
or more or more or more 
Single-unit trucks: 
MEIN 32 222> <a ienedianednens ddbinankehasthensswouenaes 6 () () 
| rae FESS So a ee 332 102 10 
Ric iccttcwutwanetedateasesndene= icisnbdhanncbiibdeasd 14 4 (') 
Truck combinations: : é 
eacensnens Gee SUNTVLIOII.. cobs dd dence ccccencssnncnlisccdesate 606 411 231 
go ee Ree rer et ae ee ee ee ee 646 518 474 
ES NEES TON EE ES EEE OR ES Sink SE Ee 609 419 249 
Average, all trucks and combinations-_--........-.---.--.-------------- 205 128 75 
IIIT IO, ois cen nnnenssntinsemnaceeucenes 193 122 67 
OCommarative SVGies, TOO st Ah ae nc netic 5-28. ncssnxewnsen 187 110 58 
1 Less than 5 per 10,000, 
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Figure 10.—Number of axles weighing 18,000, 20,000, and 22,000 pounds or more, per 1,000 
trucks and truck combinations, on main rural roads in the summers of 1942-55 and 


a prewar year. 


rural roads during the period 1942-55, and a 
prewar year are shown in figure 10. A most 
important finding indicated in the chart is the 
reversal in trend that began in 1951 and con- 
tinued each year to 1954. The 1955 fre- 
quencies show an increase over 1954 for the 
three weight groups, and in the case of axles 
weighing 22,000 pounds or more were equal to 
the 1952 frequency. The number of axles 
weighing 18,000 pounds in 1950 was more than 
seven times that in the prewar year, but from 
the 1950 high there was a drop of 24 percent 
by 1955. Likewise, the frequency of 20,000- 
pound axles in 1950 was almost eight times 
that in the prewar year, but by 1955 the num- 
ber in this category was two-thirds of that in 
1950. The number of axle loads of 22,000 
pounds or more increased ninefold from the 
prewar year to 1950, but dropped 45 percent 
below that peak in 1955. 


Load Distribution Improves 


The number of axles weighing 18,000, 
20,000, and 22,000 pounds or more for each 
1,000 loaded and empty trucks and truck 
combinations in 1955 are given in table 14 for 
the main vehicle types. Since none of the 
two-axle, single-unit trucks with single rear 
tires was found to have axles weighing as 
much as 18,000 pounds, that type is not 
108 


shown in the table. The number of such 
vehicles counted is included, however, in 
obtaining the total frequencies for all single- 
unit trucks and for all trucks and combi- 
nations. 

In order to give a clearer indication of what 
is happening on the roads, travel by vehicles 
with axles weighing 18,000, 20,000, and 22,000 
pounds or more was calculated for the period 
1950-55. These calculations show that when 
vehicle-mileage trends are considered, there 
was an overall downward trend in heavy axle- 
weight frequencies, notwithstanding the gen- 





eral upward trend in travel and heavy gross- 
load frequencies that prevailed during the 
period; decreases in the 18,000-, 20,000-, and 
22,000-pound axle-weight categories were 
9 percent, 20 percent, and 35 percent, respec- 
tively. By a shift to vehicles with a larger 
number of axles, trucks are hauling more and 
heavier loads over the highways and yet 
subjecting them to less frequent applications 
of heavy and destructive axle loads. 


Loads Exceeding Legal Limits 


The number of trucks and truck combi- 
nations in 1955, per 1,000 loaded and empty 
vehicles, that exceeded the axle, axle-group, 
or gross-weight limits in effect in the States 
or recommended by the AASHO, with com- 
parative figures for the summer of 1950, are 
given in table 15. The 1955 frequencies, 
which are generally lower than those for 1950, 
are also lower than the 1953 figures but some- 
what higher than those for 1951, 1952, and 
1954. This comparison is similar to the vari- 
ations in heavy axle-load and heavy gross- 
load frequencies found in the 5-year period 
(1950-55) as shown in figures 9-10. 


Detailed estimates concerning the overload 
frequencies in the various geographical areas 
show that the highest frequency of loads in 
excess of State legal weight limits in 1955 was 
in the Pacific division where 71 vehicles in 
each 1,000 were overloaded to some extent, 
and 2 vehicles in each 1,000 were overloaded 
by 20 percent or more. The second highest 
frequency was found in the West North 
Central division where 67 vehicles in each 
1,000 were overloaded and 3 vehicles in each 
1,000 were overloaded by 20 percent or more. 


A comparison of frequencies of vehicles 
loaded in excess of the recommendations of 
the AASHO shows that the highest frequency 
of heavy loads was likewise in the Pacific 
division where 162 vehicles in each 1,000 
exceeded the recommended weight limits, and 
7 in each 1,000 exceeded these limits by 20 
percent or more. The second highest fre- 
quency, however, was found in the New 
England division where 109 vehicles in each 
1,000 exceeded the recommendations and 49 
in each 1,000 exceeded them by 20 percent or 
more. The high frequencies of loads exceed- 
ing the recommendations in the New England 
division, are caused by the higher legal axle- 
load limits in effect in that area. Although 


Table 14.—Frequency of axle loads of 18,000, 20,000, and 22,000 pounds or more, per 1,000 
loaded and empty trucks and truck combinations, on main rural roads in the summer 


of 1955 by main vehicle types 














Number of axles, per 1,000 trucks and 
truck combinations, weighing— 
Vehicle type 
18,000 pounds | 20,000 pounds | 22,000 pounds 
or more or more or more 
Single-unit trucks: 
I cha apatite asia RAMEE Wan tis setae intrcriclaibicw asia 32 12 4 
WE cticéehtionedecccsusue tii sGaditels dieke bh hadncackoatoudase 83 37 23 
Av Ds eepbbbidstnebudiicasdicwcdiacennencadcdeccsccdaomesennd 15 6 2 
Truck combinations: 
ruck-tractor and semitrailer.............................-.--..-.- 195 73 29 
cL ,__ ED E  eae iies ee eee 184 21 2 
RE EP PN STE re ers eae Re ee 194 69 27 
Average, all trucks and combinations_....................-.-...-.---.- 73 26 10 
Sn. os Ath. .§., i eulsesepg ee ee ere 64 20 8 
yan. me nine eae aie apap anata Spa en 96 39 18 
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Table 15.—Number of trucks and truck combinations, per 1,000 loaded and empty vehicles, that exceeded any of the axle, axle-group, or 
gross-weight limits in effect in the States or recommended by the AASHO, in the summer of 1955 and the corresponding comparative 




































































figures in 1950 
Vehicles exceeding State legal limits Vehicles exceeding AASHO recommendations 
Vehicle type Number Number per 1,000 overloaded more than— Number Number per 1,000 overloaded more than— 
per 1,000 per 1,000 
over- over- 
loaded 5 per- 10 per- | 20 per- 30 per- | 50 per- | loaded 5 per- 10 per- 20 per- | 30 per- 50 per- 
cent cent cent cent cent cent cent cent cent cent 
VEHICLES OVER LIMITs IN 1955 
Seta oi cc cece or he scce eee a as aee 18 9 5 2 (') (!) 27 18 12 5 2 () 
C.F 10 Sr lic we vense =o voce eae waupnoendsnskoondwud 64 34 19 11 5 2 98 65 39 15 9 3 
Average, single-unit trucks...............-.-.-.-.. 9 5 3 1 (‘) (4) 14 9 6 2 1 (‘) 
Truck-tractor and semitrailer_-_..................-.--- 148 83 46 14 5 1 216 152 98 38 16 2 
Track Gin Gels os wc). So laenest.......- 209 73 24 7 a eee 442 345 224 59 22 6 
Average, truck combinations__--............--.- 153 82 44 13 5 1 233 167 108 39 16 3 
Average, all trucks and combinations ---._.........--- 55 30 16 5 2 (‘) 84 60 39 14 6 1 
VEHICLES OVER LIMITS IN 1950 

pi me RLS | SESS ace 2 ES ESR ey EES) 20 14 9 t 1 (4) 28 20 15 8 3 1 
Sate GU poeeht sess s cenké ae ice sclesee 70 55 38 13 7 4 77 50 41 18 10 4 
Average, single-unit trucks...........-...-.-.--- 11 8 5 2 1 (') 15 11 8 4 2 1 
Truck-tractor and semitrailer_-.............------..-- 187 121 75 30 12 2 249 183 125 56 26 6 
Trucke GEE a chiko oan Seas nsec ccdewsiccnclejcneen 224 143 92 52 30 4 359 280 191 72 33 10 
Average, truck combinations...............-..-- 189 122 76 31 13 2 256 190 129 57 26 6 
Average, all trucks and combinations--_-_-_.......---.- 67 44 27 ll 5 1 91 68 46 21 10 3 















































1 Less than 5 per 10,000. 


the maximum axle-load limit recommended the New England division range from 20,000 the State limits may exceed the recommen- 
by the AASHO and permitted in most States to 22,400 pounds. Consequently, a consider- dations of the AASHO by as much as 24 
is 18,000 pounds, the legal limits in States of able number of vehicles carrying loads within _ percent. 
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Experience in Application of 
Statistical Method to Traffic Counting 


BY THE HIGHWAY TRANSPORT RESEARCH BRANCH 
BUREAU OF PUBLIC ROADS 


The average daily volume of traffic moving over a particular highway during 
the year, commonly called the ADT, is a measure of service of that highway to 
its users. From traffic-counting experience it is known that volumes vary from 
day to day and month to month, but it is the average daily traffic throughout 
the year and certain peak volumes to which the highway administrator primarily 
directs his attention. 

To obtain true values of ADT, it would be necessary to count traffic continu- 
ously for a year on every section of road between intersections which would be 
prohibitive from a cost standpoint. On the other hand, a rough estimate of 
traffic could be made by an experienced traffic engineer, but this method would 
prove to be too inaccurate. Thus a compromise must be made between accu- 
racy and cost in accordance with need. 

The usual practice is to take samples of traffic. Counts of 24- or 48-hour 
duration are adjusted and expanded into estimates of ADT. The problem is to 
develop improved procedures for sampling and expanding traffic counts that 
will produce estimates of acceptable accuracy for design and administrative 
purposes at minimum cost. 

It has been observed in recent years that monthly traffic variations form pat- 
terns which tend to persist from year to year on the same road sections. Similar- 
ities among patterns permit grouping of rural road sections accordingly, and it 
has been found that groups thus formed remain substantially intact for several 
years. This relatively new concept and its application are discussed in this 
article. 

There are about 1,000 continuous-count stations in the United States where 
traffic-counting machines are permanently installed. The basis for measuring 
the errors or differences between the estimated ADT and true ADT is provided 
by the data from these installations. The measure used for evaluating these 
errors is the standard deviation. That generalizations can be made about 
traffic volumes on the basis of the standard deviation has been established by 
the Chi square test of goodness of fit used in this study. The test shows that 





the errors of ADT estimates follow the normal distribution curve. 

Although the application of statistical method in establishing traffic-counting 
programs, as described in this article, is new, its use in several States has resulted 
in either a savings in manpower or the obtaining of more accurate and addi- 


tional information for the same cost. 


HE only reason for spending money on 

counting traffic is to obtain estimates of 
traffic volumes of acceptable accuracy to be 
used in establishing structural design and 
administrative requirements. The efficiency 
of traffic-counting procedures is then directly 
related to the degree of accuracy of estimates. 
Statistical method provides the means of meas- 
uring the accuracy of different procedures, 
thus showing the way to the most efficient one. 


Concept of Error of Estimate 


One can guess the average daily traffic (sub- 
sequently referred to as ADT) at a particular 
point on a road. But such a guess would not 
ordinarily be considered acceptable either by 
those who are responsible for the traffic infor- 
mation or by its users. The reason for the 


rejection of a guess, of course, is the belief that 
were the true ADT known it could be consider- 
ably different from the guess. If this difference 
is called an error, then it could be said that a 
guess may result in too great an error. 

It is impractical to obtain true ADT at all 
points on the road system of a State where 
such information is needed. It then becomes 
necessary to arrive at some such value of ADT 
that in the judgment of the administrator 
would have error within an acceptable degree 
of accuracy; thus it is conceded that an esti- 
mate of ADT which is based on factual obser- 
vations, is better than a guess. 

Then the task is to find ways of measuring 
the errors in the estimates of ADT when the 
estimates are derived by different methods of 
sampling traffic volumes. In the determina- 
tion of the ADT, any traffic count for a period 
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of less than one year is considered a sample. 
The least costly sample from which a suffi- 
ciently accurate estimate of ADT can be 
produced is the most desirable. No single 


standard exists for the permissible error in ° 


estimates of ADT. This decision is usually 
the responsibility of the administrator. 


Sampling of Traffic Volumes 


A sample of traffic volume is the number of 
vehicles passing a particular point on the road 
during a specific period of time. Samples are 
obtained by traffic counts. Nowadays ma- 
chines are used almost exclusively for traffic 
counts to obtain the total number of vehicles 
without classification by type. 

This discussion deals primarily with traffic 
counting on rural roads which carry traffic 
volumes of 500 or more vehicles per day. 
The cost analysis of a machine traffic count 
usually reveals that more than 90 percent 
of such cost is attributed to the wages of 
the man who installs and removes the ma- 
chines and the cost of mileage traveled 
between the places where the machines are 
located. The places on the road where 
traffic-counting machines are located will be 
referred to as stations which may be coverage 
stations or control stations depending on 
their purpose. 

At a coverage station the traffic is usually 
counted for 24 or 48 consecutive hours once 
ayear. Here the ADT is estimated by appli- 
cation of factors obtained from control sta- 
tions. The bulk of traffic-counting stations 
are of the coverage type. Control stations 
are of two types: Continuous-count stations 
where traffic is counted and recorded continu- 
ously for a year or several years (about 1,000 
stations of this type in the United States), and 
seasonal control stations where several sample 
counts are taken in such a manner that the 
relation between the seasonal or monthly 
volume of traffic and the ADT can be estab- 
lished. Control stations of both types are 
used in determining expansion factors for 
adjusting counts at coverage stations to 
estimates of ADT. 

Traffic counts of 24-hour duration or multi- 
ples of 24 hours, such as 48 hours, 72 hours, 
and so forth, are economical units from which 
estimates of ADT can be made. Further- 
more, such periods of traffic counting are 
administratively convenient in scheduling the 
travel of the man who works with the ma- 


December 1956 © PUBLIC ROADS 

















Thus only traffic counts in multiples 
of 24 hours are considered here. These 
samples of traffic volumes can be taken once 
during the year at a particular station or 
be repeated several times. 

Both the duration of traffic counts and the 
frequency of repetitions have been studied in 


chines. 


several States. Only studies of general and 
fundamental interest are presented in this 
article. Other studies have been conducted 
but are not mentioned because they are 
primarily of local interest. 


Use of Statistical Method 


Since opinions concerning the accuracy of 
traffic counts are personal matters and subject 
to disagreements, it was considered desirable 
to develop procedures which would permit the 
measurement of the error in the estimate of 
ADT and thus appraise it objectively. 

The error of estimate of ADT due to a 
specific method of sampling can be determined 
only at a few stations where there are perma- 
nent machine installations because only there 
is the true ADT known. Even at permanent 
installations, the ADT is not absolutely true 
because of machine failures; the error is com- 
paratively small, however, and is ignored. 
The ultimate goal is to determine the error at 
all stations. This cannot be done directly 
without continuous counts, but the theory of 
probability in statistical methodology can 
serve this purpose. 

The statistical method, as it has been ap- 
plied in several States, does not determine the 
error at a particular station where a traffic 
volume sample is taken. It does evaluate the 
size of the error which can be expected at a 
number of stations without identifying the 
stations. This means that when traffic counts 
are made at thousands of stations on the rural 
roads of a State, it is possible to determine 
how many stations will have errors of a par- 
ticular size. 

The application of statistical method to a 
statewide traffic-counting program is rela- 
tively new.! Only the major sources of errors 
have been investigated, and means of measur- 
ing them have been devised. When these 
measures were applied to the design of traffic- 
counting programs, the result was a savings in 
manpower, or in expenditures, or the obtain- 
ing of more accurate information for the same 
money. 

There are, however, yet unexplored sources 
of error, the evaluation of which can be ex- 
pected to increase the efficiency of traffic- 
counting operations even further. It is 
believed that the discoveries already made do 
account for the bulk of possible improvements. 


Conclusions 


All average daily traffic volumes based on 
samples of traffic counts are estimates. As 
such they all have errors of estimate. The 
size of the error depends on the sampling pro- 
cedure. The cost of obtaining traffic volume 
information depends on the method of sam- 





‘Improving traffle-count procedures by application of sta- 
tistical method, by Boris B. Petroff and Robert C. Blensly. 
Proceedings of the Highway Research Beard, vol. 33, 1954, 
Dp. 362-375, 
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pling. Statistical method provides the means 
for measuring these errors in the bulk of rural 
ADT and vehicle-mileage determinations. It 
is possible, therefore, to select a procedure for 
sampling which produces results commensu- 
rate with cost. 

Experience shows that the estimates of ADT 
with errors measured by standard deviation of 
about 10-12 percent for high-volume (over 500 
vehicles per day) roads are satisfactory to the 
users of the data. For this purpose procedures 
have been developed which are more efficient 
than the old procedures. The new procedures 
involve grouping of stations and the pre- 
dominant majority of road sections on the 
basis of statistical probabilities of errors of 
estimates, rather than judgment used in the 
old procedures. In practical application it 
means either savings in costs or obtaining more 
information for the same annual expenditures 
and yet usually providing more accurate data. 

Grouping based on statistical probabilities 
permits the reduction of both coverage and 
control operations. Even further improve- 
ment in efficiency can be expected in the future 
when the number and location of continuous- 
count stations are determined more scien- 
tifically for this purpose, and when grouping 
of road sections according to similarity of 
seasonal expansion factors will be even better 
supported by additionally gathered facts. 


Fundamental Historical 
Observations 


Persons who deal with traffic counting 
observed a long time ago that traffic volumes 
vary in accordance with certain patterns. 
For instance, at a particular station in a given 
week, there are about the same number of 
vehicles counted on each weekday, Monday 
through Friday, but quite different volumes of 
traffic appear on Saturday and Sunday. 
Yet these differences are fairly consistent 
from’ one week to another within a month. 
The traffic volumes will vary from one month 
to another but the relation of each monthly 
volume to the yearly volume is about the 
same over the period of years (data shown 
in table 9 on page 117 are an example). The 
recurrence and comparative stability of these 
elements of pattern gave rise to the idea that 
if a sample traffic count is adjusted for the 
variations of pattern, then the sample can be 
expanded into an estimate of ADT. 

The fundamental reasoning which supports 
the idea of application of statistical method, 
in the manner here described, to the analysis 
of traffic-volume patterns and their variations 
may be enhanced by the understanding of 
the Gestalt concept and organismic theory 
which were originally developed in psychologi- 
cal studies.? 


2 The Gestalt concept can be interpreted as configuration 
of the whole, the behavior of which can be established by 
measurement of configuration rather than measurement of 
the individuals that comprise the whole. In traffic a time 
pattern (hourly, daily, monthly, etc.) at a point of ob- 
servation (a station, a road, a State, etc.) may be regarded 
as configuration of the total (the whole) of the traffic volume. 
The measurement of these patterns can be obtained from 
traffic counts at that point but could not be obtained by the 
study of time-travel patterns of each individual driver who 
passes that point during the given time period. 





The idea of expansion of a sample traffic 
count into an estimate of ADT has been 
universally accepted and used in this country. 
There were and still are considerable differ- 
ences in sampling methods and in the methods 
of expansion. 

As already explained, whether the sample 
is for a 24- or 48-hour period or even a con- 
tinuous 7-day count has relatively little 
effect on cost although the results vary 
significantly in accuracy. The really big 
difference in cost of obtaining ADT estimates 
by several methods lies then in the methods 
of expansion of counts at individual stations 
into ADT estimates. 

An observation of the greatest importance 
is that on rural roads where ADT is 500 
vehicles or more the pattern of monthly 
variation of traffic volumes remains pretty 
much the same for great lengths of consecutive 
road sections which may or may not be on 
routes carrying the same route number. 


Usual Method of Expanding Samples 


The usual procedure for expanding sample 
traffic counts to ADT has required seasonal 
control stations which supply the data neces- 
sary for computation of expansion factors. 
The number of seasonal control stations and 
the schedules of their operations have varied 
greatly among States. For instance, in one 
State there are 96 seasonal control stations in 
rural areas where traffic is counted for 7 
consecutive days, 4 times a year, 3 months 
apart; another State has 560 control stations, 
each of which is operated for at least 4 con- 
secutive days including a Saturday and a 
Sunday, 4 times a year, 3 months apart. 

In two States the sample counts at coverage 
stations (operated only once a year and not 
necessarily every year) are taken: simulta- 
neously with control-station counts and each 
coverage count is then expanded in accord- 
ance with the relation of ADT to the traffic 
volume at the control station on the date of 
coverage count. The administrator exercises 
his judgment in relating traffic counts at 
coverage and control stations. Sometimes 
slight modifications of this method are 
used. 

In the majority of States composite expan- 
sion factors are computed from control- 
station data. These are grouped on the basis 
of geographical areas, routes using descriptive 
correlations such as intercity, recreational, 
commercial, farm-to-market, and so forth, or 
routes having similar patterns in the judgment 
of the administrator. The grouping is usually 
done without the benefit of statistical evalua- 
tion. 

The usual procedure is to compute at each 
seasonal control station the estimated ADT by 
averaging the traffic volumes during each 
operation, giving proper weight to weekdays, 
Saturdays, and Sundays. Then the factors 
are computed by taking the ratio of ADT to 
the similar period of coverage-station counts 
which is generally a weekday. Each such 
ratio is considered an expansion factor for a 
particular month. In each group the data 
from the control stations are used in comput- 
ing the factors for each month or each season 
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Table 1.—Percentage relation of 1954 average daily traffic volumes to average weekday 
volumes at 25 continuous-count stations in Minnesota 























Station Group April May June July August | September| October |November 
number symbol ! 
152 Ib 102.8 102.1 93.3 90.0 86.3 92.0 102.0 114.3 
156 II 97.0 102.2 95. 2 99.7 90.0 95.6 102. 4 107.1 
157 II 103. 4 103.3 92.5 95.1 93.0 95.0 101.5 107.0 
164 Ta 116.0 105.4 86.7 74.2 74.7 91.8 109. 2 120.8 
166 Ta 108.8 98.9 87.1 80.1 80.6 92.0 102.0 113.9 
170 IV 131.5 106.3 81.4 65. 6 68. 1 90. 6 111.8 129.9 
172 Ia 2127.3 105.7 81.9 75.8 81.0 86.7 95.1 107.2 
175 Ta 113.3 103.0 85.6 75.9 80.3 89.6 103.6 115.0 
179 Ta 105.8 97.5 92. 2 91.1 87.1 82.7 99.9 110.4 
187 Ia 2124.3 114.4 89.0 72.7 80.5 86.9 114.5 114.6 
189 Ib 117.6 103.0 94.2 92.3 93.8 94.4 110.6 119.9 
190 Ta 2130.3 105.3 92.0 74.6 85.3 97.9 113.8 118.9 
192 Ta 122. 5 108.9 101.3 84.9 87.0 96.0 113.3 113.3 
193 II 101.5 100.7 96. 2 92.8 93.4 97.3 108. 5 103. 4 
194 II 101.4 98.9 87.9 89.1 85.9 95.8 116.1 114.6 
195 Ta 112.5 108.8 92.9 84.0 83. 4 92.1 107.3 118.6 
196 Ta 107, 2 101.3 87.2 75.9 76. 4 90. 5 99.1 114.2 
197 Ib 103. 9 101.9 91.2 89.6 86. 4 92.5 101, 2 107.3 
198 Ib 105.3 100.5 91.5 86. 6 88.3 90. 8 99.9 107.3 
199 Ta 2132.3 96. 1 86. 1 85.9 81.1 92.6 103.3 107.1 
201 Ta 111.0 103. 4 91.6 80.6 86.1 94. 2 105. 1 112.2 
202 IV 131.2 119.6 89.0 64. 4 61.3 84.9 109.6 © 129.5 
204 III 188. 5 94.9 83.9 73.1 78.6 94.9 140.9 145.1 
205 Ib 108. 6 105. 6 91.4 83.7 81.7 91.9 106. 2 108.7 
206 II 117.6 106. 1 92.5 92.3 85.8 99. 6 104.7 109. 4 























1 A +10 percent range of variation among factors in each month was used as a criterion for assigning the group symbol. 


2 Values for various reasons were found unacceptable. 


- and averaged, thus a mean factor for a month 
or a season is obtained. This mean factor is 
then used for the expansion of coverage 
counts assigned to the group. A number of 
minor variations of this basic method are also 
used. Continuous-count recorder data some- 
times are included with the seasonal control- 
station data. 

It should be noted in all these methods that 
judgment rather than objective measurement 
is exercised in either combining factors or 
assigning the ratios between coverage and 
control stations. 


New Concept of Objectivity 


The important observation that similar 
patterns of monthly variations of weekday 
traffic in relation to ADT exist on many road 
sections already has been mentioned. The 
practical use of this observation is as follows: 

1. Continuous-count station data are ob- 
tained from macfines located on high-volume 
highways (ADT, 500 vehicles or more) which 
are usually on the State designated system. 
At each such station monthly expansion fac- 
tors are computed. These factors are the 
percentages or ratios of the ADT to the 
average weekday volume of each month. 

A +10-percent range of variation among 
factors in each month is used as a criterion for 
the grouping of stations. Since the ultimate 
objective is the determination of expansion 
factors for coverage counts, only months dur- 
ing which coverage stations are operated are 
included in the grouping at continuous-count 
stations. If during these months the factors 
between two continuous-count stations do not 
differ by more than +10 percent, these two 
stations are put into the same group. 

To expedite this rather tedious process of 
comparing all the continuous-count stations 
with each other, the approximation method is 
used: One station selected by cursory examina- 





3“Student’s” ¢ tests (a measure of significance of the differ- 
ences of sample means) indicated that this range tends to 
produce group mean factors that are significantly different. 
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tion as being representative serves as a 
standard and all other stations are compared 
with it; all stations having monthly patterns 
within +10 percent of the standard are 





grouped together. Occasionally a station 
may be put in two different groups. Since in 
either case it will fall within the + 10-percent 
range criterion, it makes little difference how 
it is grouped. Other considerations, such as 
continuity of route of similar pattern, are then 
taken into account. For each group for each 
month compared, a mean factor is computed. 
Thus, if the mean factor were used for expand- 
ing the sample instead of the factor for each of 
the stations in the group, the error introduced 
due to this substitution would not be greater 
than +10 percent. On rare occasions stations 
having factors beyond the +10-percent range 
in only one month have been included in the 
group. 

For example, tables 1 and 2 show the group- 
ing of 25 continuous-count stations in Min- 
nesota. Only the months April through 
November were used because these are the 
months when coverage stations were operated. 
Although 17 stations fell into the original 
group I, it was conveniently possible to sub- 
divide it into groups I-a and I-b, in each of 
which the deviations of individual factors from 
their respective means were even less than the 
allowed +10 percent, thus making the mean 
factors even more accurate. 

2. On the State highway map all stations are 
indicated with colored pencils in the color 


Table 2.—Monthly expansion factors computed for the 25 continuous-count stations in 
Minnesota, grouped according to a + 10 percent range of variation of individual factors 


from their respective group means 
























































Station number April May June July August September October | November 
Group Ia 
ES ao Soiesenastinbdend 1.16 1.05 0. 87 0. 74 0. 75 0. 92 1.09 1. 21 
__, SARS 1.09 - 99 . 87 . 80 .81 92 1.02 1.14 
ee (4) 1.06 - 82 - 76 81 . 87 - 95 1.07 
Se 1.13 1.03 . 86 - 76 .80 . 90 1.04 1.15 
er 1.06 . 98 . 92 -91 . 87 . 83 1.00 1.10 
ae BA eatnts. () 1.14 . 89 -73 81 . 87 1.15 1.15 
ere (!) 1.05 - 92 75 -85 - 98 1.14 1.19 
a IE ES. 1, 23 1.09 1.01 - 85 . 87 - 96 1.13 1,13 
ese: 1.13 1.09 - 93 84 -83 -92 1.07 1.19 
MR aces actneien toa 1.07 1.01 - 87 - 76 - 76 91 - 99 1,14 
Be cevscedsct (4) - 96 - 86 - 86 81 93 1.03 1.07 
a 1.11 1.03 92 81 - 86 94 1.05 1,12 
Mean. .-.-.....- 1,12 1.04 - 90 -80 - 82 91 1.06 1.14 
Group Ib 
nice cahieon 1.03 1,02 0. 93 0. 90 0. 86 0. 92 1.02 1.14 
| TSEC 1.18 1.03 . 94 - 92 94 . 94 1.11 1. 20 
Sa 1.04 1.02 .91 - 90 . 86 . 93 1,01 1.07 
ee 1.05 1.01 . 92 . 87 . 88 - 91 1.00 1.07 
en 1.09 1.06 91 . 84 - 82 92 1.06 1. 
- eee 1.08 1.03 92 89 -87 - 92 1.04 11 
Group II 
ins densi 0. 97 1.02 0. 95 1.00 0. 90 0. 96 1.02 1.07 
ER 1.03 1.03 - 93 - 95 - 93 - 95 1.02 1.07 
eee 1.02 1.01 - 96 - 93 . 93 -97 1.09 1.03 
eee 1.01 - 99 . 88 . 89 - 86 96 1.16 1,15 
Serer 1.18 1.06 - 93 - 92 - 86 1.00 1.05 1.09 
eee 1.04 1.02 - 93 94 - 90 -97 1.07 1.08 
Grovp III 
ON: 1.89 0.95 0. 84 0. 73 0.79 0. 95 1,41 1.45 
Group IV 
TEE FIER te 1,32 1.06 0. 81 0. 66 0. 68 0. 91 1,12 1.30 
. ees 1.31 1. 20 . 89 . 64 - 61 - 85 1.10 1.30 
Me, 2 cs 1.13 85 65 - 65 .88 1.11 1.30 























1 Values for various reasons were found unacceptable. 
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assigned to the group to which the stations 
belong. 

3. The ratios of ADT to the weekday of the 
month are also computed for other types of 
control stations. 

4. These control stations are then marked 
in colored pencil on the same map in accord- 
ance with the group to which the control sta- 
tions appear to belong on the basis of the 
available expansion factors (usually up to 
four or six factors per station). 

5. When the distribution of continuous- 
count and seasonal control stations was studied 
on the map in Florida, New Mexico, Colorado, 
Idaho, and West Virginia, it was found that 
the predominant majority in each group fall 
along continuous road sections which often 
follow the same route number but not neces- 
sarily so. Frequently the consecutive road 
sections between two continuous-count sta- 
tions, both belonging to the same group of 
monthly expansion factors, are along the same 
route number. However, the route number 
per se is not necessarily an indication that all 
of its sections will fall into the same group. 
Thus, it has been observed that the route of 
similar traffic-habit pattern is often coincident 
with a route number but does not have to be. 
On the other hand, large sections of routes 
with different numbers very often fall into 
the same expansion-factor group. 

When all stations belonging to the same 
group are connected by drawing a line of the 
color chosen for the group, the resultant pic- 
ture shows the distribution of these highways 
into groups of monthly patterns, each of which 
is characterized by the criterion of +10- 
percent range of variation of monthly factors 
at the points of observation. Experience 
shows that most of the highways in a State 
distribute themselves by the groups of stations 
located on them, but usually there is a small 
mileage of roads that does not seem to fall into 
any known group either because of the lack of 
information or for a special reason such as a 
unique scenic or recreational attraction. 

It has been observed that within a few miles 
of built-up areas of large cities the seasonal 
factors vary considerably from those of the 
rural sections of the same road. These factors 
tend to be closer to the urban factors, which 
as a rule come closer to unity, than rural for 
the corresponding months. Since this article 
deals with the bulk of rural ADT estimates of 
500 or more vehicles per day, the rural sections 
with suburban characteristics are not in- 
cluded in the numerical data presented. 

Only continuous-count stations are used in 
these analyses for the computing of group 
mean factors since all months are not usually 
represented at seasonal control stations. The 
reason why control stations other than con- 
tinuous-count stations are not used in com- 
puting the’mean group factors is that they 
were not properly scheduled originally for that 
purpose. When distributed by groups, the 
counts during some of the months predomi- 
nate, whereas some of the months may not be 
Tepresented at all. General observations, 
however, point to the fact that when adequate 
Tepresentation of control counts is available 
for certain months, then the mean factors for 
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these months are very close to the means 
based on continuous-count station data alone. 
Group mean expansion factors could be 
obtained from properly located seasonal con- 
trol stations. The continuous-count stations 
are already in existence, and new installations 
appear economical in the long run. Further- 
more, continuous-count stations serve other 
purposes for which seasonal control stations 
are not considered suitable. 

Quite frequently a single continuous-count 
station or the mean pattern of a fewer number 
of stations than the total number in a group 
produces practically the same pattern of 
monthly expansion factors as all stations in 
the group. This observation gives rise to the 
possibility of more efficient use of continuous- 
count stations by moving the excess machines 
to new locations where the need for informa- 
tion is greater. Seasonal control stations can 
also be temporarily established for the purpose 
of proper allocation of a road section to a 
group. In making these decisions it should 
be remembered. however, that there are other 
uses of the continuous-count station data, 
such as the study of long-range traffic trends. 
Therefore the machine should be kept at its 
location unless other considerations show 
there is no need for it, although it may be 
superfluous for the purpose of obtaining 
expansion factors. 

The discussion that follows pertains to those 
roads which can be grouped. These roads 
represent the great majority. Those few 
that cannot be grouped require special 
consideration. Also, as already mentioned, 
expension of traffic counts in the suburban 
developments of larger cities sometimes 
requires special treatment. 


Statistical Significance of Objective 
Grouping 

To make practical use of this objective 
grouping it is necessary to make the following 
assumption: That the monthly factors on road 
sections between two stations falling within 
the same group, also fall within the same + 10- 
percent range of variation from the mean 
factor. This assumption is necessary because 
the ultimate objective of the grouping is the 
identification of coverage stations by groups 
for the purpose of selecting proper expansion 
factors. In other words, every coverage 
station should be expanded by the mean-group 
factor of the group to which its road section 
has been assigned on the basis of continuous- 
count and seasonal control stations. This 
assumption is not arbitrary. The reasoning 
behind it follows. 

For a complete traffic-volume survey of the 
primary highways in a State the needed num- 
ber of points in each group at which ADT 
estimates should be obtained can be assumed 
to be equal to the number of road sections 
between intersections—one point for each 
road section. Thus in each group a total of 
several thousand stations, either coverage or 
control, can be expected. This possible total 
number of stations constitutes the statistical 
population or universe of stations in each 
group. In order to obtain such information 
as the mean monthly expansion factors of a 





population and the difference between the 
individual station factors and the mean of the 
population, it is not necessary to have the 
data for all the stations in the population. 
Instead, reasonable approximation can be 
obtained from a random sample of stations. 

From the point of view of statistical theory 
the sample would be considered to have been 
selected at random if every one of the thou- 
sands of stations in the population had an 
equal chance of being selected. The con- 
tinuous-count and the seasonal control sta- 
tions can be considered a sample taken from 
the population of stations in the group. 
However, they were not consciously selected 
at random. With respect to the concept of 
random selection these stations can be 
described as having been selected haphazardly. 
In locating these stations the primary purpose 
was to select such places along the highways 
as were, in the judgment of the administrator, 
representative of the largest mileage of pri- 
mary highways. No numerical measures 
described the meaning of the word represent- 
ative in the sense of monthly expansion 
factors. 

For this reason there is no awareness of 
this bias being injected in the selection of 
stations. Although at times some bias might 
have been injected accidentally, as observed 
in the fact that the number of control stations 
selected does not seem to have any definite 
relation to the total number of stations under 
consideration. Thus the sample sizes vary 
in different pattern groups. It is observed, 
however, that because the distribution of 
selected control stations is fairly uniform 
throughout a State, the sample in each group 
is approximately proportional to its popula- 
tion. This, however, is not considered too 
important because each group represents its 
own statistical population. 

In the statistically haphazard distribution 
of the continuous-count and seasonal control 
stations there is no knowledge of any bias 
that could have an effect on the mean values 
of the monthly factors. Thus these hap- 
hazard selections are in effect random. Ina 
random sample of continuous-count stations 
(of the same number) so selected from the 
same statistical population, each such sumple 
would produce monthly group mean expan- 
sion factors that would not be significantly 
different from those obtained from the existing 
selection. The fact that seasonal control 
stations fall into the same pattern of monthly 
factors and are along the same habit-pattern 
routes, as established by grouping of con- 
tinuous-count stations, tends to demonstrate 
the validity of the group mean factors. 

Understanding of this discussion is neces- 
sary because it introduces the theoretical 
basis for considering the coverage stations as 
belonging to the same statistical population 
as the continuous-count and seasonal control 
stations. This concept, in turn, then justifies 
the application for expansion of the group 
mean factors computed from continuous- 
count and/or seasonal control stations to the 
coverage counts along the route of similar 
habit pattern (similar monthly expansion 
factors). This discussion of theory also may 
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Table 3.—Standard deviation of the differences (errors) between estimated ADT and true 
DT on primary rural systems in eight States ! 











| | ! | 
| Number Stand- | Number ofcounts | Number of counts | 
Num- | Period \of counts ard de-| within one S? | within two S3 | Indicated equivalent 
State ber of | of in | viation, annual savings due 
|stations count am | in per- | to adoption of new 
| cent |Theoret-} Actual |Theoret-} Actual procedure 
8 ical | ical 
Hours | 
epee (4) 24 142 10.1 97 95 135 136 Incomplete analysis. 
) eee 9 48 44 7.2 30 28 | 42 44 $12,000—20,000. 
Minnesota .__.-- 22 48 199 10.8 136 146 | 189 190 (5) 
Montana ¢__.__. 12 48 120 9.6 82 85 114 112 (7) 
Montana__--...- 12 48 123 oe. © came ee Be (4) 
Montana-.-.-_-- 12 48 122 We Tienes we Poa (4) 
New Mexico....| 27 48 175 9.5 119 125 166 170 Possible 50-percent sav- 
ings. 
Oregon .......... 17 24 119 12.6 81 78 113 116 (8) 
Washington ___- 12 48 84 9.4 57 62 80 7 $20,000-—40,000. 
West Virginia...| (4) 48 106 12.1 72 82 101 100 (5) 






































1 Data for West Virginia are for 1953; all other States, 1954, 

2 Theoretical frequency is 68 percent of N. 

3 Theoretical frequency is 95 percent of N. 

4 Data are not readily available. 

5 Predominant number of control-count stations and a few continuous-count stations can be eliminated on roads carrying 
500 or more vehicles per day. 

6 Three independent random samples were used in Montana. 

7 Present studies indicate that urban and local rural road counts can now be taken in addition to rural primary highway 
counts at no extra cost. 


8 Additional rural and urban vehicle-mileage data and average daily traffic volumes on extensions of the urban system 
can be determined at no extra cost. 


be a cogent stimulus for better appreciation of sary for development of ADT expansion fac- 
the significance of the statistical measures tors. This means a savings in money or effort 
used. which can be used elsewhere. 

It has been found that the standard devia- As pointed out before, there can be uneval- 
tions are significant measures of errors of uated or unusual situations requiring special 
estimates of ADT that can be expected at treatments. Among such special situations 
coverage stations. These errors distribute are the following: An isolated road leading to 
themselves normally at the conglomerate of a resort area which has no counterpart in the 
locations. It has been demonstrated by Chi State; a certain area in the State may tempo- 
square tests that there is no significant bias _rarily attract unusual volumes of traffic during 
that results from this assumption. the hunting season and thus appreciably affect 

The foregoing paragraph indicates that with the traffic volumes on a relatively small num- 
the aid of continuous-count and other control ber of roads; the occurrence of such events as 
stations the allocation of road sections to football games which may have a brief but 
groups of similar monthly expansion-factor pronounced éffect on traffic volumes in some 
patterns can be accomplished. Also the ex- localities; and other situations causing instan- 
perience with seasonal control stations sup- taneous variations in traffic volumes or pat- 
ports the hypothesis that the continuous-count terns. In these relatively few cases special 
stations are representative of the population control stations other than continuous-count 
so far as monthly expansion factors are con- stations can and should be used. 
cerned. Where it has been properly demon- 





strated that the expansion of coverage counts Standard Deviation 
can be made on the basis of continuous-count 
data alone, then the seasonal control stations The error that can be expected in the esti- 


or any control stations other than continuous- mates of ADT at the coverage stations is 
count stations are ordinarily no longer neces- measured from the data at continuous-count 


Table 4.—Standard deviation of the differences (errors) between estimated ADT and true 
DT on primary rural systems in eight States ! 











Number of counts | Number of counts 
Number | Standard within one S?2 within two S3 
; of counts | deviation, 
State Period of count in sample | in percent 
N Ss Theoret- | Actual | Theoret- | Actual 
ical ical 
MS oS ie nacacinillan sea ere 105 Rey ti set a ee (4) 
Se aa 44 6.1 30 27 42 42 
fT ie ee | ERS See 114 ae 'T tet (4) ZEIIL IE (4) 
I occicind- ccs the caadaecd EE eats eee 178 9 Is PSs aes = (4) 
ONO Go cedcndauseia- tla FOG. set peceeescde we 191 eh eee Oe °D ieeeneSs (4) 
New Mexico. -...........-- Ee ah. 172 Wer Th thes ye ae oe (4) 
SIRE EI |” SERENE: 119 9.6 81 83 113 112 
West Virginia............. | 222 8.6 151 154 211 210 
| aE. . Jaa 114 12.3 eiacehinke .. a re (4) 
Wyoming ®___._._...._...- TG baie ds cacncdeis 114 we Oh ee a aoe (*) 
































1In Idaho, Montana, New Mexico, and Wyoming ——— were made from data expanded to estimates of ADT. 
In Arizona, Nevada, Oregon, and West ee standard deviations were computed from unexpanded samples. 

2 Theoretical frequency is 68 percent of N. 

3 Theoretical frequency is 95 percent of N. 

4 Data are not readily available. 

5 Group mean monthly expansion factors were used. 

¢ Group mean weekly expansion factors were used. 





stations by taking random samples of counts 
of 24- or 48-hour duration, or for any period 
that may be considered by the State. Each 
sample is expanded into an estimate of ADT 
ky application of the appropriate group mean 
factor. At the continuous-count stations the 
true ADT is always known. The difference 
between the estimated and the true ADT value 
is termed the error. 

Since the continuous-count stations, when 
grouped, are considered to represent the popu- 
lation of the group, their standard deviation 
is also the measure of the errors at the coverage 
stations—the latter being also samples taken 
out of the same population. The advantage 
of the standard deviation‘ as a measure of 
errors is that it gives the size of the error, and 
also the expectation of how often an error of 
that size or smaller may occur. The formula 
of the standard deviation is as follows: 


LE? 
N-1 





S=x 


Where: 
N=number of random units in sample. 
E=percent error of estimate of ADT. 


ts 


meh 


x 100 


Where: 
X,=estimated ADT. 
X=true ADT. 


Table 3 shows the results of a study of 
errors of estimate of traffic volumes in eight 
States. The last column of the table indicates 
the extent of annual savings due to the adop- 
tion of new procedures. In compiling table 3 
all estimates of ADT were based on each unit 
in the sample expanded by its appropriate 
group mean factor. Only weekdays were used 
in the samples. 

In some States, standard deviations were 
computed for counts of different durations. 
Computations were made either for data ex- 
panded to estimates of ADT, or for unex- 
panded samples which are individual weekday 
samples compared with the average weekday 
of the month. Results are shown in table 4. 

In table 5 the standard deviations were 
determined for differences between the indi- 
vidual monthly weekday expansion factors at 
each continuous-count station and the respec- 
tive group mean factor. 

The effect of repetition of counts at approx- 
imately equal intervals during the year was 
investigated in several States. The results 
are shown in table 6. The more frequently 
the counts are repeated during the year, the 
more accurate are the estimates of ADT, but 
because each repetition costs as much as the 
first count, repeated counts usually are con- 
sidered prohibitive. 

A few studies have been made of single 
samples of 7-day counts and these indicate a 





4 Standard deviation is a measure of dispersion of individ- 
ual items about their mean value. In estimates of ADT the 
mean value of errors approaches zero. The numerical value 
of error computed by this measure means that approximately 
68 percent of all individual errors included in the computa- 
tion can be expected to have values as large or smaller than 
one standard deviation; approximately 95 percent of all in- 
dividual errors to have values as large or smaller than two 
standard deviations, The percent of all individual errors 
can be obtained for any multiple of the standard deviation. 
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Table 5.—Standard deviation determined for the differences between the individual 
monthly weekday expansion factors at each continuous-count station on primary 
rural systems and the respective group mean factor 





























Number of counts | Number of counts 
Number | Standard within one S! within two S2 
State of counts | deviation, 
in sample | in percent 
N Ss Theoret- | Actual | Theoret- | Actual 
ical ical 
pp Ee Sao, SSE ES ES eee ss Eee: 110 6.5 75 72 105 107 
New Mexico: 
|, REE ER rime Sree tinay eee seam Cae 84 5.2 57 62 80 80 
SE ecccsaderadecsccescncancentetseaeetdet 105 me | tte a (3) 
No ccd wtcnencnnncssmscsesteemnt Cena me. 4 eee ol) ee (3) 

) | ane ea = Lene) Saree 237 a ee i 2 (8) 
OVO. 8 ae casita wae ctsnicnc se qtpceacewanveaseneee 336 7.3 228 256 319 323 
West Mamet, OO. 144 6.2 98 110 137 134 
We eg GI i en snewwaccbeveseeneeeawnn 144 9.2 98 108 137 135 











1 Theoretical frequency is 68 percent of N. 
2 Theoretical frequency is 95 percent of N. 
3 Data are not readily available. 


Table 6.—The effect of repetition of counts on the standard deviation of the differences 
(errors) between estimated ADT and true ADT on primary rural systems in six States! 




















Number Number of Number of 
of Stand- counts within counts within 
Frequency of Period of counts | ard de- one S2 two S3 
State count count in viation, 
—* in per- 
cent | Theoret- | Actual | Theoret- | Actual 
S ical ical 
Dea ener eee 2 Quarterly. ......<<. 24 hours......- 27 a et 2a (4) 
OD icincccccncecaslocsns! Nth at ats LES i ia 63 4.1 43 42 60 60 
| en rete | sed et Y Mens 24 hours__..... (4) oS eae fh (4) 
Se aera | See ES ee. 48 hours__....- (4) me 2 Chow | Se (4) 
at See, | ee _ Ee Tae 4 days §....... 21 Oe © ce ee (4) 
Monin... ccc Semiannually -__.- 48 hours__..... 109 7.3 73 80 103 104 
Washington. __.......- Quarterly......... (iy |; Betemeromeye 36 4,2 25 25 34 33 
Washington-.......... Bimonthly_......- i oe 48 3.6 33 36 46 46 
Washington..........- Monthly ........<.. Pamee..i....... 24 1.9 16 17 23 22 


























1In Arizona, Florida, and Montana, Saturday, Sunday, and holiday counts were not included; therefore the 24-hour 
count means were compared with the true average annual weekday traffic volumes. 


2 Theoretical frequency is 68 percent of N. 
3 Theoretical frequency is 95 percent of N. 
4 Data are not readily available. 

5 Saturday, Sunday, and two weekdays. 


possibility of their practical use when higher 
accuracy is desired than that provided by 
single 48-hour counts. The results are shown 
in table 4 for Idaho, Montana, Nevada, New 
Mexico, and Wyoming. In Wyoming it was 
decided to use the weekly rather than the 
monthly expansion factors, since the difference 
in the cost of analysis is negligible. It is 
possible that with additional data improve- 
ment in grouping could reduce the errors in 
Wyoming. 

An inspection of standard deviations shown 
in tables 3-6 reveals how similar are the values 
for similar tests and how small are the stand- 
ard errors of the means. Both observations 
give strength to the soundness of procedure 
used in measuring the error of estimates of 
ADT and to the reliability of the results. 


Chi Square Test 


The Chi square test is used to provide a 
measure of the “goodness of fit’? of observed 
distribution of units in the sample as com- 
pared with the theoretical distribution. If 
the fit is good then for practical purposes it 
may be expected that the characteristics of 
observed distribution bear similarity to the 
characteristics of theoretical distribution, the 
latter characteristics always being known. 
The numerical expression for goodness of fit is 
given in terms of P (probability). Again 
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from a practical standpoint the fit may be 
construed to be reasonably good if P is some- 
where between 0.05 and 0.95 as obtained from 
tables of Chi square values. 

In the preceding discussion almost every 
standard deviation shown was accompanied 
by the theoretical and the observed number 
of units having errors no greater than one and 
two standard deviations, respectively. The 
consistently close agreement between the 
theoretical and observed values gave impetus 
to further investigation of the meaning of this 





agreement. Within recent months a number 
of Chi square tests were run leading to the 
conclusion that the errors in estimates of ADT 
and expansion factors distribute themselves 
satisfactorily in accordance with the normal 
curve. The normal curve of distribution of 
observed values has the familiar bell shape. 
Its distinctive feature is that the frequency of 
occurence of either extremely small or ex- 
tremely large values is relatively small as com- 
pared with the bulk of values which are dis- 
tributed close to the mean value of observa- 
tions. Some of these observations are shown 
in table 7. 

All the Chi square tests have indicated good 
fit or a high degree of probability, and if other 
similar samples had been taken, good fits 
could also be expected for them. In a prac- 
tical sense, the importance of this test is that 
the empirical data follow closely the normal 
distribution, thus it can be expected that 
statistical measures which are based on nor- 
mal distribution are applicable to traffic char- 
acteristics which were tested. The conclusion 
of special importance is that the standard 
deviations can be used reliably as a tool for 
the measurement of the size of the error and 
the frequency of its distribution. 

A sample computation of Chi square is 
given in table 8 and the values obtained are 
presented graphically in figure 1. 


Persistence of Same Group Mean 
Factors 


If, in two or more succeeding years, the 
same group mean expansion factors from the 
same stations are obtained and if all such sta- 
tions fall within the +10-percent range from 
the mean, then it appears that the same 
grouping of road sections can be extended for 
a number of years. This is probably true of 
the majority of road sections belonging to a 
particular group. It is advisable, however, to 
watch for any local development that may 
affect some sections. 

Recently a few studies were made concern- 
ing the perpetuation of the monthly expansion 
factors and their relation to estimating the 
ADT. 

In Montana, using only 1954 data, the 
estimated ADT based on weekday 48-hour 


Table 7.—Comparison of the results of Chi square tests of the percentage errors in various 
sampling techniques 

















Number of | Standard Values 
State Year of | Number of| counts in deviation, of Probability 
data stations sample in percent | Chi square 
N S z P 
Sr ih aE ee Moree Me ae 1954 10 110 6.5 5. 81 0. 30-. 50 
pO SY PS Seo ett 1954 10 120 9.6 2. 22 . 80-. 90 
ke ae ae ae ae 1954 38 336 7.3 (3) .10 
boo. ES pee Sereese= a 1953 12 86 6.9 13. 93 . 20-. 30 
Ce a ree he eee 1953 12 88 7.8 9. 22 . 60-. 70 
So. wa cednoncs caeosn 1954 12 87 8.7 19. 32 . 10-. 20 
ye een ak 1954 12 84 9.4 13. 26 . 80-. 40 
og | Se ere erence eee 1953 16 144 9.2 16. 32 . 30-. 40 




















1 Distribution of percentage differences between monthly expansion factors for individual stations and their respective 


gro 


3 Data are not readily available. 
4 Distribution of 
traffic volumes with Friday p. m. counts excluded. 


up Means. 
2? Distribution of percentage differences between estimates of ADT based on 48-hour counts and true ADT. 


reentage differences between estimates of ADT based on 48-hour counts and true ADT. Weekday 


‘ Distribution of percentage differences between estimates of ADT based on 48-hour counts and true ADT. All weekdays 


included. 
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Table 8.—Chi square test distribution of errors in 1953 ADT estimates based on 48-hour 
counts at 12 continuous-count stations in Washington 









































Class x Cumulative Cumulative (fo—fi)? 
interval 3 frequen fe frequency I So—fi (fo—f)?  « 
observe: theoretical 

0-1 0. 129 ll ll 9.2 9.2 1.8 3.2 0. 348 
1-2 . 258 22 ll 18. 2 9.0 2.0 4.0 444 
2-3 . 3877 27 5 26.9 8.7 —3.7 13. 69 1. 571 
344 . 516 39 12 35.1 8.2 3.8 14. 44 1. 761 
4-5 645 47 8 42.8 7.7 3 -09 -012 
5-4 775 55 8 50.0 7.2 -8 - 64 089 
6-7 - 904 59 4 56.4 6.4 —2.4 5.76 . 900 
7-8 1.032 63 4 62.0 5.6 —1.6 2. 56 - 457 
8-9 1. 161 70 7 67.2 5.2 1.8 3. 24 - 623 
9-10 1, 289 72 2 71.5 4.3 —2.3 5. 29 1, 230 

10-11 1.420 75 3 75.1 3.6 —.6 - 36 . 100 

11-12 1. 548 80 5 78.2 3.1 1.9 3. 61 1. 169 

12-13 1. 678 80 0 80.8 2.6 

13-14 1. 807 82 2 82.6 1.8 

14-15 1. 938 83 1 84.2 1.6 

15-16 2. 064 84 1 85.5 1.3 

16-17 2. 196 86 2 86.7 1.2 2.3 5. 29 514 

17-18 2. 324 87 1 87.2 5 

18-19 2. 456 87 0 87.7 -5 

19-20 2. 580 87 0 88.1 5 

20-21 2.710 88 1 88.4 3 

n=13—2=11; P<0.70 z2=9,218 








counts had a standard deviation of +9.2 
percent. From continuous-count stations the 
average rate of change in traffic volumes 
between 1953 and 1954 was determined. In 
‘terms of 1954 volumes, the average rate of 
change was —3.44 percent. This reduction 
factor was applied to the 1954 sample of 48- 
hour counts, bringing them to an estimate of 
the 1953 sample. The group mean monthly 
expansion factors were computed from the 
1953 data. These factors were then applied 
to the estimated 1953 sample. The estimates 
of ADT for 1953 were then compared with the 
true ADT for 1953. The differences (errors 
of estimate) thus obtained indicated a stand- 
ard deviation of +10.5 percent. 

This experiment could be interpreted as 
follows: If in 1953 there was a comprehensive 
coverage of all primary highways in Montana, 
but in 1954 all coverage count stations were 
eliminated and only continuous-count stations 
were in operation, then an estimate could be 
made of 1954 traffic volumes at all stations 
which were operated in 1953. These esti- 
mates then could be expected to lose accuracy 
to the extent of 1.3 percent (10.5—9.2=—1.3). 
All expenditures made for coverage counts 
could have been eliminated, were it not for 
special counts that are always needed. 

Comparison of monthly group mean factors 
in Oregon disclosed that approximately two- 
thirds were either identical for the 2 years or 
varied by one percent. A few varied by 2 
percent. Table 9 shows the comparison of 
1954 and 1953 data in Minnesota. 

In Washington, 24 weekday samples taken 
in 1954 were expanded by group mean monthly 
factors for 1954 and for 1953. The standard 
deviations of the errors of estimates of 1954 
ADT were as follows: 

Standard 

deviation 
Using 1954 factors.... + 7.6 percent 
Using 1953 factors._... + 7.5 percent 


The comparison shows that if in 1954 there 
were no control stations from which the expan- 
sion factors could be obtained, then the 1953 
expansion factors could be applied to the 1954 
coverage counts without any practical change 
in the accuracy of the ADT estimates. 


In West Virginia, a comparison of group 
mean monthly expansion factors for the years 
1954 and 1953 showed that they were prac- 
tically the same. 

From these studies the observation is made 





that the distribution by groups is quite stable. 
It is also indicated that even if there are or 
were in these States seasonal control stations 
in operation, such operations could be dis- 
continued for a period of at least one year. 
Also, at least one observation measures the 
effect of discontinuation of coverage counts 
for one year on the ADT estimates. The 
discontinuation of coverage counts for periods 
as long as 5 years has been practiced before. 
But the effect of such practice has not been 
measured statistically. 


Seasonal Control Stations 


In some States there is not enough infor- 
mation for grouping road sections by patterns 
of monthly group mean factors. For the 
purpose of such grouping and also for obtain- 
ing group mean factors at the end of the first 
year of operation of the plan, the following 
procedure has been devised and used: 

Highways are grouped in what is expected 
to be similar patterns of monthly expansion 
factors. The continuous-count stations pro- 
vide the basic information. In each group a 
series of seasonal control stations are estab- 
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Figure 1.—Comparison of observed and theoretical distribution of errors 
of ADT estimates, based on 48-hour counts at 12 continuous-count 
stations in Washington during 1953. 
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Table 9.—Comparison of the group mean monthly expansion factors for Minnesota and the ranges of variation of individual stations 
within groups, for the years 1953 and 1954 











































































































Number | Year of April May June July August September October November 
of traffic 
Stations count 
Mean} Range | Mean| Range | Mean] Range | Mean Range | Mean | Range | Mean Range | Mean Range | Mean Range 
Group Ia 
12 1954 1.12 | 1.06-1.23| 1.04 | 0.96-1.14| 0.90 | 0.82-1.01| 0.80 | 0.73-.91 | 0.82 | 0.75-.87] 0.91 | 0.83.98 | 1.06 0.95-1.15 | 1.14 | 1.07-1.21 
12 1953 1.19 | 1.06-1.32| 1.03 | .96-1.11 .88 | .81-.95] .80 | .74.90 | .83 | .74.89| .91 | .84.97 | 1.04 | .92-1.15] 1.14 | 1.06-1.22 
Group Ib 
5 1954 1.08 | 1.03-1.18| 1.03 | 1.01-1. 0.92 | 0.91-.94 | 0.89 | 0.84.92 | 0.87 | 0.82.94! 0.92 | 0.91-.94 | 1.04 | 1.002.112 | 1.11 | 1.07-1.20 
5 1953 1.07 | .98-1.19] 1.00 | .944. .90 | .89-.92 . 88 86-98 | . 86 | .80-.94} 92 90-.94 | 1.00 | .96-1.06] 1.09 | 1.04-1.15 
Grovrp II 
5 1954 1.04 | 0.97-1.18] 1.02 | 0.99+1. 0.93 | 0.88.96 | 0.94 | 0.80-1.00] 0.90 | 0. 86-98 0.97 | 0.95-1.00 | 1.07 | 1.02-1.16 | 1.08 | 1.03-1.15 
6 1953 1.08 | .93-1.22} .99 | .90+4 .91 | .87-.94 . 89 .87-.95| .89 | .85.94] .93 .89-.97 | 1.05 | 101-111 | 1.11 | 1.06-1.15 
lished. It was found that the most practical adding sections as they appear by moving on usually been accepted by the administrators 


way is to operate each station for about 1 
week, 6 times a year, 2 months apart. 

The absolute minimum size sample for 
obtaining a mean of some statistical signifi- 
cance, in the opinion of many statisticians, is 
five unitsinasample. Five counts per month 
in each group are then used as a guide. If 
factors are needed for all 12 months, then the 
number of such stations in each group is 
computed thus: 12 months times 5 counts per 
month divided by 6 counts per station per 
year equals 10 seasonal control stations per 
group. 

In actually determining the locations of 
these stations, it is important to select them 
at random so that the group mean pattern 
would be representative of the population. 
In actual experience systematic sampling was 
used. For this purpose the total mileage of 
highways in the group was divided by the 
number of stations which gave the spacing in 
miles between seasonal control stations. For 
actual location on the map, the road sections 
were arranged in a contiguous manner accord- 
ing to section numbers, route numbers, or by 


Table 10.—Standard deviations of the dif- 
ferences (errors) between 1938 estimates 
of ADT and true ADT for different periods 
of traffic counts on low-traffic volume 
roads in Minnesota ! 




















Sta- | Annual = @ by stations 

tion | average 

num-| daily 
ber | traffic | 24-hour | 48-hour | 72-hour| 7-day 

count count count count 
178 118 5, 962.5 | 2,213.6 | 1,195.1 | 2,240.3 
169 153 1, 386. 8 904.3 | 1, 287.4 225. 4 
183 184 436.7 398. 4 176.0 190.7 
158 220 521.9 | 1,010.7 861.2 218.9 
173 235 2,091. 2 507.2 242.7 161.5 
151 250 2, 618. 7 829.0 320. 4 388. 4 
181 275 1, 655.5 | 1,022.7 938. 9 952. 4 
171 278 1,172.2 799. 5 460. 5 281.4 
+ ea 15, 845.5 | 7,685.4 | 5,482.2 | 4,659.0 
Standard de- 
viation, S_..| 18.36 14. 41 11. 45 9. 96 























1 ADT estimates based on data for May through October. 
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the map from east to west or north to south, 
and so on. The continuous-count stations 
were included in the control setup. The be- 
ginning of the mileage count for locating 
successive stations was selected at a contin- 
uous-count station. 

After the first year of operation the correct- 
ness of grouping is verified. If need be, for 
the second year of operations, the seasonal 
control station setup should be modified by 
rearranging the grouping and redistributing 
the seasonal control stations. Ultimately 
when grouping is completed, the bulk of 
seasonal control stations can be eliminated. 

With some local modification, this general 
principle was applied in 1951 in Oregon and 
soon after in Wyoming and Michigan. A 


_ considerable number, about 25 percent of the 


road sections, had to be regrouped after the 
first year of operation in Oregon. But after 
3 years of operation the grouping has been 
satisfactorily stabilized. 'The method of sea- 
sonal control stations was used at that time, 
not so much because of the lack of historical 
information, but because statistical methods 
and considerations which are discussed in this 
article had not yet been fully developed. 


Low-Volume Roads 


For the same period of traffic counts once 
the daily traffic volume drops below 500 
vehicles, the ADT estimates on such low- 
volume roads become rapidly less accurate, 
particularly so on roads carrying less than 300 
vehicles per day. The roads with daily vol- 
umes below 500 vehicles comprise the great 
bulk of the mileage of rural roads. To obtain 
estimates of ADT as accurate as on the high- 
volume roads, much larger samples would be 
required at each coverage station. Since 
there are many more miles of such roads, 
comprehensive and accurate data would be 
very costly. In reality, however, it is seldom 
that data as accurate as on primary roads are 
necessary for the low-volume roads and, there- 
fore, 24- or 48-hour weekday counts have 


as satisfactory for both high- and low-volume 
roads. 

In table 10 the standard deviations of ran- 
dom samples from their respective monthly 
means are shown for various time periods. 
The data are for low-volume roads (less than 
300 ADT) in Minnesota for the year 1938. It 
is observed that these dispersions are much 
larger than for the higher volume roads. 

In designing the procedure for a compre- 
hensive traffic volume survey of low-volume 
roads, the procedures developed for higher 
volume roads cannot be used because in some 
States there are no continuous-count stations 
or only a very few located on low-volume 
roads. Thus, grouping by road sections is 
impracticable. 

Since greater errors are permissible on low- 
volume roads, the recent experience of group- 
ing by geographical areas appears to be satis- 
factory. In several States the areas were 
designated on the basis of economic areas 
established by the U. 8. Bureau of the Census. 
In each area the seasonal control station sys- 
tem is established, except that locations are 
selected at random in each area rather than 
systematically on the mileage basis. 

An interesting observation was made in 
Oregon. The mean monthly expansion factors 
were almost identical in the several areas, 
although the economic and climatic charac- 
teristics were quite different. Also it was 
observed that although the differences between 
individual station factors and area mean fac- 
tors were great, standard deviations ranging 
from 20 to 25 percent, the group mean factors 
were quite similar. The result of this observa- 
tion indicated the possibility of considering 
the whole State as a single area for computing 
expansion factors, thus eliminating the cost 
of operating several seasonal control station 
systems. 

It is felt, however, that existing experience 
is not sufficiently conclusive to arrive at the 
decision that a single set of expansion factors 
for all low-volume roads would be satisfactory 
in any given State. 
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A Laboratory Test to Evaluate the Shape and 
Surface Texture of Fine Aggregate Particles 


BY THE PHYSICAL RESEARCH BRANCH 
BUREAU OF PUBLIC ROADS 


NE of the most widely specified charac- 
teristics of sand particles comprising the 
finer fractions of aggregate used in bituminous 
paving mixtures pertains to the shape of those 
particles. Thus, specifications usually require 
that this fine material consist of natural or 
manufactured sand having sharp, angular 
grains. It has long been held that materials of 
such nature are very important to the develop- 
ment of high resistance to deformation in bitu- 
minous paving mixtures, and also to the de- 
velopment of a high degree of resistance to 
skidding in pavement surfaces composed of 
such mixtures. The development of these 
properties in the sand fraction is believed to be 
especially desirable when coarse aggregate 
materials, having rounded shape and smooth 
texture, are to be used. 
There has been no satisfactory laboratory 
test for evaluating sands with respect to angu- 
larity and texture. Comparison can be made, 


Reported by HARRY M. REX and ROBERT A. PECK 


of course, by means of microscopic examina- 
tion, but this method is too time consuming for 
routine analysis, and in addition, the results 
are obtained by visual observation only. 


Measuring Angularity and Texture of 
Sand 


Recently a simple, direct test was developed 
in the laboratories of the Bureau of Public 
Roads. It is based upon the principle that 
smooth textured, rounded sand particles offer 
less resistance to free flow than do rough 
textured angular particles. 

In this test a specified amount of one-size 
sand is allowed to flow freely through an orifice 
and the rate, in terms of seconds per 100 cubic 
centimeters, is determined. This-rate of flow 
compared with that of Ottawa sand of the same 
size is taken as a measure of the relative angu- 
larity and surface roughness of the sand. 
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Figure 1. Cross section of sand angularity test apparatus equipped with 
%-inch diameter orifice. 


Highway Physical Research Engineers 


The equipment used in making the test con- 
sists of a one-pint Mason jar and an aluminum 
cap in the shape of a frustum of a cone, with 
a base threaded to fit the jar. An accurately 
dimensioned orifice is threaded into the center 
of the top of the cap and is fitted with a cork 
stopper of suitable size. The apparatus ina 
shown in figures 1 and 2. 


Test Procedure 


In making the test, 500 grams of dry washed 
sand, which passes a No. 20 sieve and is re- 
tained on a No. 30 sieve, are placed in the glass 
jar and the aluminum cap is screwed into place. 
The cork stopper is then inserted, after which 
the jar is inverted and positioned in a ring 
stand immediately above a receptacle of a 
suitable size. The stopper is then removed 
and the time required for the 500-gram sample 
of sand to flow through the orifice is measured 
with a stop watch. Figure 3 shows the test in 
operation. 

The nine different sands tested are as 
follows: 


1.—Standard Ottawa sand (No. 20- 
30 sieve size). 

2.—Potomac River, Virginia (river 
sand). 

3.—Red Hill granite, Virginia (manu- 
factured sand). 

4.—Natchez Trace, Mississippi (bank 
sand). 

5.—College Creek, Virginia (creek 
sand). 

6.—Bar Harbor, Maine (pit sand). 

7.—St. Catherine Creek, Mississippi 
(creek sand). 

8.—Canadian River, Oklahoma (river 
sand). 

9.—Black Mountain, North Carolina 
(creek sand). 


The Ottawa sand tested was from the regu- 
lar laboratory stock of that material. The 
other sands tested consisted of the No. 20-30 
sieve-size fractions of samples that had been 
sent to the laboratory from time to time. 
Photomicrographs of small samples of all nine 
sands, magnified approximately 11 times, are 
shown in figure 4. 

The bulk specific gravity of the sands was 
determined, using the method described in 
ASTM Designation C128-42. The results of 
these determinations are given in table 1. 

In the test, the rate of flow is assumed to be 
a function of the weight of the sample and the 
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Figure 2.—Sand angularity test apparatus with the three different size 
orifices shown on the right. 


shape and texture of the particles. If the 
weight of the test samples is the same in all 
cases, then the differences in time required for 
a unit volume of sand to flow through an 
orifice will reflect directly the differences in 
particle shape and texture for various sands. 


Evaluating Test Results 


Calculations required to convert the test 
results into readily usable units for evaluating 
sands are simple. The number of particles 
of two or more sands of a single size in a unit 
of weight is roughly proportional to their 
specific gravities. Therefore, in comparing 
the time required for a unit volume of an 
unknown sand to flow through the orifice with 
that required for the same volume of a stand- 
ard sand (in this study the Ottawa sand), a 
correction for differences in specific gravity 
must be made. 

For example, as shown in table 1, it was 
found that 25 seconds was required for 500 
grams of Ottawa sand to flow through the 


%-inch orifice. The bulk specific gravity of 
this sand had previously been found to be 2.66, 
so there were 188 cubic centimeters of sand 
solids in the test sample (500+2.66=188). 
The rate of flow expressed in terms of seconds 
per 100 cubic centimeters was, therefore, 
(25-188) X 100=13.3. The Potomac River 
sand (No. 2 in table 1) had a bulk specific 
gravity of 2.60, so there were 192.3 cubic 
centimeters of sand solids in the 500-gram 
sample. It was found that it required 33 
seconds for the sample to flow through the 
orifice. The rate of flow of this sand expressed 
in terms of seconds per 100 cubic centimeters 
was 17.2. The ratio of these two rates of flow 
is taken as a measure for comparing the sur- 
face characteristics of these two sands, and is 
expressed as a time index with the standard of 
comparison taken as unity. Thus, the time 
index of the Potomac River sand is 1.29 
(17.2+-13.3=1.29). The rougher and more 
angular the sand particles, the larger will be 
the numerical value for the time index. 

The time index values for each of the test 


Table 1.—Results of tests made with 500-gram sand using orifices of different diameters 





Sand designation 





Test procedure 


| 
| 
| 
| 
| 
| 
| 
| 




















No. 1] No. 2} No. 3} No. 4] No. 5]| No. | No. 7| No. 8} No. 9 
38-INCH DIAMETER ORIFICE 
| 3 | | | a 
Total time of flow 1.........-.------------ sec..| 25 33 37 30 32 35 29 28 37 
Bulk specific gravity of sand__.._..-.---------- 2.66 | 2.60] 2.76| 2.65] 2.63| 2.58| 2.63] 2.64| 2.72 
Solid velsme of send ....... soc on nad ee._| 188.0 | 192.3 | 181.2 | 188.7 | 190.1 | 193.8 | 190.1 | 189.4) 183.8 
i... >—— ae sec/100 ce. 13.3 17.2 20.4 15.9 16.8 18.1 15.3 14.9 20.1 
AIG sn NO ee | 1.00 1. 29 1. 53 1,19 1, 26 1, 36 1.15 1.12 | . 51 
| | | 











546-INCH DIAMETER ORIFICE 





Otel CURE RUE Fe oo os once cone ne sec... 43 
UW a Ss sec/100 ce..| 22.9 
UDG NN rr os ocr te 4 odie Bet. Sed 1.00 


58 
30.2] 34.8) 26.5] 28.9] 31.0] 25.8] 25.9 33. 6 
1.32] 1.51 1.16] 1.26] 1.35] 1.13] 113 1, 47 


63 50 55 60 48 49 61.7 





14-INCH DIAMETER ORIFICE 





ORD GING RT Foc cis Sentero ecnane ns sec... 84 
We WGN ee feet sec/100 cc__| 44.7 


gL. EER Ie aa, 1.00 











115 128 | 99.5 112 120 96} 95.5 
59.8 | 70.6] 52.7] 58.9) 61.9] 50.5| 50.4 68.8 
1.34] 1.58] 118] 1.32] 1.38 


126. 5 


1.13] 1.13] 1.54 























1 Average of three determinations, 
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Figure 3.—Sand angularity test in operation. 


sands are given in table 1 and figure 4. These 
values correlate very well with the discernible 
surface characteristics of the sand particles. 

In the development stage, orifices of }4-, 
%e-, and %-inch diameters were used. Orifices 
of %s- and 14-inch were considered but not 
used, because the time of flow for either of 
these two sizes would be so short that any 
error in reading the time of flow would appre- 
ciably effect the time index. The close agree- 
ment between the time index values shown in 
table 1 indicates that for this particular size of 
sund the size of the orifice is not critical in 
respect to ability to differentiate between 
sands. Since it requires about one-half 
minute to make the test with a %-inch orifice, 
any small error in reading the time of flow 
would not effect the time index, and a longer 
time would be unnecessary. It is therefore 
suggested that %-inch crifice be used for the 
test. 





Recommended Test Procedure 


The following test procedure is suggested: 

1. Obtain by careful sieving at least 500 
grams of the No. 20-30 size sand. Wash and 
dry this sample. 


2. Determine bulk specific gravity of the 
sample and compute the solid volume for a 
500-gram weight of the sample. 


3. Place 500 grams of the dry sample in a 
clean dry Mason jar of pint size. Assemble 
jar and aluminum cap containing a %-inch 
orifice fitted with a stopper. Invert assembly 
and place in a ring stand over a large glass 
beaker. 

4, Begin the determination of flow time by 
removing the stopper and starting the stop 
watch simultaneously. Determine the time 
between the removal of the stopper and the 
passage of the last sand particles through the 
orifice. Make a minimum of three determina- 
tions and report the average as the time of 
flow. Individual test results should not vary 
from the average by more than 2 seconds. 


119 








5. Compute the flow rate in terms of seconds 
per 100 cubic centimeters of solid volume. 

6. Determine the flow rate for standard 
Ottawa sand which has been carefully sieved 
to remove all oversized and undersized ma- 
terial. This shall be the standard flow rate 
with which all other flow rates are to be 
compared. 

7. Compute the time index of the sand 
under study by dividing its flow rate by the 
flow rate of Ottawa sand. 


Summary 


It is believed that this test will be of value in 
laboratory studies of bituminous mixtures and 
in evaluating the surface characteristics of 
sands in the field with respect to specified 
requirements. The equipment is simple, the 
operation is practically free from the personal 
element, and the results obtained by different 
operators are highly reproducible as indicated 
in table 2. 


Table 2.—Comparison of tests made by two 
operators using 500-gram sand and 
orifices of different diameters 





Sand designation 
Test sequence 





No.1 | No.2 | No.3 





TIME (IN SECONDS) OF FLOW: 36-INCH ORIFICE 





=e A: 


| ea 26 33 36 

. | este ect eeek 25 33 37 

See 25 34 37 
Technician B: 

ME Codcakaétiubuswecke 26 33 37 

. ) Paar. 26 33 37 

EE Beacacstpcecaatpad 26 33 37 














TIME (IN SECONDS) OF FLOW: %6-INCH ORIFICE 





Technician A: 


aa 43 58 63 

.. . eer 43 58 63 

. | erase 43 58 63 
Technician B: 

. | Seine 43 57 62 

_ | 2 SSeqae: 43 57 62 

FES Digeccdcccubkssaccd 43 57 62 








TIME (IN SECONDS) OF FLOW: 4-INCH ORIFICE 





Technician A: 
_  *& 83 115 128 
. | ees 84 115 128 
. | aes 84 115 129 
Technician B: 
. fp eae eee 83 114 127 
) | See 83 114 126 
. » anos 83 114 127 




















The Bureau’s Parking Guide for Cities, a 
study of travel habits and parking problems 
of motorists in urban areas and the character- 
istics of parking facilities, is Now available 
from the Superintendent of Documents, 
U. 8. Government Printing Office, Washing- 
ton 25, D. C., at 55 cents a copy. 

A considerable volume of information has 





Figure 4.—Photomicrographs of samples of nine sands (X 11.4) having time index values 
as follows: No. 1, 1.00; No. 2, 1.29; No. 3, 1.53; No. 4, 1.19; No. 5, 1.26; No. 6, 1.36; No. 


7, 1.15; No. 8, 1.12; and No. 9, 1.51. 


New Publication 


been assembled from these travel-habit and 
parking studies, and from many other refer- 
ence sources. Experience and information 
which have been studied were obtained 
largely from the medium- and small-size 
cities, but many of the facts and principles are 
equally applicable to larger cities. 

Collected material on the subject was first 


published by the Bureau of Public Roads in 
1947 in a processed pamphlet, Factual Guide 
on Automobile Parking for the Smaller Cities 
(now out of print). The text of that pamphlet 
has now been thoroughly revised and expanded 
in the new publication, and an entirely new 
section on parking and travel habits has been 
added. 
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4 jist of the more important articles in PUBLIC 
Ro.:s may be obtained upon request addressed 
to ’ ‘vreau of Public Roads, Washington 25, D. C. 


PUBLICATIONS 
of the Bureau of Public Roads 





The following publications are sold by the Superintendent of Documents, 
Government Printing Office, Washington 25, D. C. Orders should be 


sent direct to the Superintendent of Documents. Prepayment is required. 


ANNUAL REPORTS 


Work of the Public Roads Administration: 
1941, 15 cents. 1948, 20 cents. 
1942, 10 cents. 1949, 25 cents. 
Public Roads Administration Annual Reports: 
1943; 1944; 1945; 1946; 1947. 
(Free from Bureau of Public Roads) 
Annual Reports of the Bureau of Public Roads: 
1950, 25 cents. 1952, 25 cents. 1954 (out of print). 
1951, 35 cents. 1953, 25 cents. 1955, 25 cents. 


PUBLICATIONS 


Bibliography of Highway Planning Reports (1950). 30 cents. 
Braking Performance of Motor Vehicles (1954). 55 cents. 
Construction of Private Driveways, No. 272MP (1937). 15 cents. 
Criteria for Prestressed Concrete Bridges (1954). 15 cents. 
Design Capacity Charts for Signalized Street and Highway Inter- 
sections (reprint from Pusiic Roaps, Feb. 1951). 25 cents 

Electrical Equipment on Movable Bridges, No. 265T (1931). 40 
cents. 

Factual Discussion of Motortruck Operation, Regulation, and 
Taxation (1951). 30 cents. 

Federal Legislation and Regulations Relating to Highway Con- 
struction (1948). Out of print. 

Financing of Highways by Counties and Local Rural Govern- 
ments: 1931-41, 45 cents; 1942-51, 75 cents. 

General Location of the National System of Interstate Highways, 
Including All Additional Routes at Urban Areas Designated in 
September 1955. 55 cents. 

Highway Bond Calculations (1936). 10 cents. 

Highway Bridge Location No. 1486D (1927). 15 cents. 

Highway Capacity Manual (1950). $1.00. 

Highway Needs of the National Defense, House Document No. 
249 (1949). 50 cents. 

Highway Practice in the United States of America (1949). 75 
cents. 

Highway Statistics (annual) : 

1945 (out of print). 1949, 55 cents. 

1946, 50 cents. 1950 (out of print). 

1947, 45 cents. 1951, 60 cents. 

1948, 65 cents. 1952, 75 cents. 
Highway Statistics, Summary to 1945. 40 cents. 
Highways in the United States, nontechnical (1954). 20 cents. 
Highways of History (1939). 25 cents. 

Identification of Rock Types (reprint from Pusiic Roaps, June 
1950). 15 cents. 

Interregional Highways, House Document No. 379 (1944). 75 
cents. 

Legal Aspects of Controlling Highway Access (1945). 15 cents. 

Local Rural Road Problem (1950). 20 cents. 

Manual on Uniform Traffic Control Devices for Streets and High- 
Ways (1948) (including 1954 revisions supplement). $1.00. 

Revisions to the Manual on Uniform Traffic Control Devices 

for Streets and Highways (1954). Separate, 15 cents. 


1953, $1.00. 
1954, 75 cents. 


PUBLICATIONS (Continued) 


Mathematical Theory of Vibration in Suspension Bridges (1950). 
$1.25. 

Model Traffic Ordinance (revised 1953). Out of print. 

Needs of the Highway Systems, 1955-84, House Document No. 
120 (1955). 15 cents. 

Opportunities in the Bureau of Public Roads for Young Engineers 
(1955). 25 cents. 

Parking Guide for Cities (1956). 55 cents. 
Principles of Highway Construction as Applied to Airports, Flight 
Strips, and Other Landing Areas for Aircraft (1943). $2.00. 
Progress and Feasibility of Toll Roads and Their Relation to the 
Federal-Aid Program, House Document No. 139 (1955). 15 
cents. 

Public Control of Highway Access and Roadside Development 
(1947). 35 cents. 

Public Land Acquisition for Highway Purposes (1943). 10 cents. 

Public Utility Relocation Incident to Highway Improvement, 
House Document No. 127 (1955). 25 cents. 

Results of Physical Tests of Road-Building Aggregate (1953). 
$1.00. 

Roadside Improvement, No. 191MP (1934). 10 cents. 

Selected Bibliography on Highway Finance (1951). 60 cents. 

Specifications for Aerial Surveys and Mapping by Photogram- 
metric Methods for Highways, 1956: a reference guide outline. 
55 cents. 

Specifications for Construction of Roads and Bridges in National 
Forests and National Parks, FP—41 (1948). $1.50. 

Standard Plans for Highway Bridge Superstructures (1953). 
$1.25. 

Taxation of Motor Vehicles in 1932. 35 cents. 

Tire Wear and Tire Failures on Various Road Surfaces (1943). 
10 cents. 

Transition Curves for Highways (1940). $1.75. 


MAPS 


State Transportation Map series (available for 39 States). Uni- 
form sheets 26 by 36 inches, seale 1 inch equals 4 miles. Shows 
in colors Federal-aid and State highways with surface types, 
principal connecting roads, railroads, airports, waterways, 
National and State forests, parks, and other reservations. 
Prices and number of sheets for each State vary—see Superin- 
tendent of Documents price list 53. 

Jnited States System of Numbered Highways. 28 by 42 inches, 
scale 1 inch equals 78 miles. 20 cents. 
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Single copies of the following publications are available to highway 
engineers and administrators for official use, and may be obtained by those 
so qualified upon request addressed to the Bureau of Public Roads, 
They are not sold by the Superintendent of Documents. 


Bibliography on Automobile Parking in the United States (1946). 
Bibliography on Highway Lighting (1937). 

Bibliography on Highway Safety (1938). 

Bibliography on Land Acquisition for Public Roads (1947). 
Bibliography on Roadside Corérol (1949). 

Express Highways in the United States: a Bibliography (1945). 
Indexes to Pusiic Roaps, volumes 17-19 and 23. 

Title Sheets for Pustic Roaps, volumes 24-28. 























































































































DEPARTMENT OF COMMERCE - BUREAU OF PUBLIC ROADS 
STATUS OF FEDERAL-AID HIGHWAY PROGRAM 
AS OF OCTOBER 31, 1956 
(Thousand Dollars) 
ACTIVE PROGRAM 
state _| UNFROGRAMMED PROGRAMMED ONLY pee. Fal CONSTRUCTION UNDER WAY TOTAL 
SS le |) Se PS le | oS ll el = = Me 
Alsbens $42,831 | $42,502/ $30,814] 515.2 | $5,813) $3,726 41.5) $52,423! $30,439 | 535.4] $200,738) $64,979] 1,092.2 
Arizona 36,387 7,038 5,788 69.5 5» 4,108 39-5 9,785 7,255 101.8 22,431 17,151} 210.8 
| Avkenens 47,261 16,540 8,717] 454.6 6,372 3,184 86.0 32,317] 19,757 445.1 55,229 31,658] 985.7 
California 1h5 ,287 65,195|  _39,045| 274.4 | 39,872 | 31,534 41.5] 139,769] 71,839 | 203.4| 2h, B36 143,018) 519.3) 
Colorado 50,391 9,265 5,192} 107.1 3,111 1,863 19.7 26,203} 17,25 152.4 38,579 24,300] 279.2 
Connecticut 47, 10,799 8,344 12.9 642 369 6 9, 5,154 17.8 21,384 13,867 31.3 
a 23,691 1,850 1,005 14.8 1,249 645 12.2 8,761 4,327 50.2 Il, by Tle 
Florida 57,915 15,526 7,926, 311.5 11,851 6,385 39.9 4,679 23,016 334.3 72,056 37,327} °685.7 
Georgia 85,940 37,792 20,494| 560.0 7,168 3,430 41.2 60,236} 29,489 845.6 105,196 53,413} 1,446.8 
" taeho 36,168 4,796 3,174 46.2 5,901 4,213 31.4 10, 964) 7,124 160.8 21,061 14,511) 238.4 
Illinois 131,226 63,234 41,827} 506.7 23,139 13,946 68.3 111,304 63,387 681,1 197,677 119,160) 1,256.1 
Indiana 102,852 22,123 12,020 90.4 2603 4,101 48.8 39,653] _ 21,758 2h2 2 69,379 37,879, 381.4 
lows 58,245 28,120{ 20,222 377.3 11,905 T, 766 51.9 32,3 18,710 | 1,035.3 T2 ,409 , 1,468.5 
Kansas 53,597 19,760 13,495} 702.6 3,908 2,134 59.5 39,421) 22,257] 1,068.9 63,089 37,886} 1,831.0 
i. 6,336 3.259| 99.1 3,459 1,749 15.4 2Bhbl 22,047 448.6 50,639 27,055} 563.2 
icles 54,098 35,231 15,621| 141.5 10,427 5,308 10. 39,308 19,259 305.6 . Bi 457.2 
Maine 30,235 7,123 3,572 60.9 1,019 655 5 ell 17,550 9,097 112.6 25,692 13,324 178.6 
Loans 20,456 29,504 20,109 99.6 20,203 13,500 19,8 31,5371 «17,844 130.3 81, 2ls 51,4 249.7 
Massachusetts 65 445 32,303 19,808 25.8 13,919 7,666 15.9 51,011 26,362 57.2 97,233 55 585 98.9 
Michigan 96,534 56,191 35,418} 410.9 15, 8,802 41.0) 75,543 43,542 596.2 147,076 87,762) 1,048.1 
‘eo a 15,505] 34,5 7,376 4,837 73.0 54,819 32,116] 1,149.3 2616 51,458 1,563.8 
Mississippi 55,191 16,788 8,940 519.6 6, 4,366 78.3 25,707 13,812 592.0 49,143 27,1 1,189.9 
Missouri 81,608 31,451 16,883} 1,269.0 6,210 3,801 38.5 80,305 45,084 983.7 117,966 65,768] 2,291.2 
seein alll 57,892 46 4,135) 11. 6,148 3,604 TT 28,184 17,751 425 41,030 25,490, 641.5 
Nebraska 64 ,006 4,397 2,397 185.7 59355 3,210 63. 31,557 16,346 | 1,000.6 41,3 21,953} 1,250.0 
Nevada é 39,828 3,413 2,849 71.8 1,051 G48 ‘ 11,233 9,511 119.6 15,697 13,308 192.0 
denn sin 81 ho 12,41 6,770 49,3 16,015 9,416 71.9 
New Jersey , ? ? ” 3,901 1,950 1. 35,8 17,544 50.9 2999) 23,09 107.5 
New Mexico 31,165 13,207 11,438 58.2 5 22h 3,363 41. 15,620 10,525 211.6 34,051 25,326 311.5 
Now Yous 35,008 21,367 62.0 47,742 29,659 28.3} 274,800 133,030 412.6 357,549) 184,054 502.9 
North Carolina 92,906 13,401 7,017| 171.6 4,865 2,476 33. 56,294 27,748 706.8) 7455 37,241 911.5 
North Dakota 41,993 6,701 3,404} 758.7 3,320 1,777 302.5 14,343 7,347 694.0 24, 364) 12,528 1,755.2 
head 75258 52,961! 196.7 31,640 23,730 4h, 101,537 _ 55.798 143.2 208,43 132,489 384.5 
Oklahoma 43,919 46,221 29,213} 508.0 6,971 3,567 49. 50,470 28,319 504.7 103, 61,099 1,062.4 
Oregon 34,139 11,262 8,181 66.1 585 3,045 21. 34,284 22,880 223.3 4g, 14 34,104 311.2 
Deansytvenia 147.6 14,832 1,692 24.7| 117,984 _ 59,901 365. 219,022 119,859 537.6 
Rhode Island 20,098 4,497 2,949 5.2 890 717 : 20, 11,087 23.9 26,294 14,753 29.2 
South Carolina 50,40 17,162 9,383} 410.0 3,567 1,965 18. 24,754 13,363 491.8 45,48 24,71 919.8 
Sen Deboe 5,959| 358.7 671 376 35. 17,920 _10,330/ 545.7 28,918 16,665 _ 939.5 
Tennessee 81,982 8,385 6,312 299.0 15 4366 7,683 =. on ent : — A. alan . te 
exas 1 2 19,91 10,91 ‘i 29 267. 121,731 51 z 3 054. 
Utsh 3°377 2°kk3 wegt| 97d a4 a4: 1: 8° b9855| 7992573 is’bo9 117308 -*183°5 
Vermont 22,684 1,191 596 17.8 381 190 2. ll, 6,238 Tia 12,579 Spee 91.0 
Virginia 75,538 17,365 9,661 170.1 3,590 2,021 17. 34,114 17,378 350.2 55 ,069 29, 538.0 
Wertingne 56,087 5,399| 105.5 5,86 3,490 63. 00 18,056 211.5 47,134 26,945, 380.8 
West Virginia 49,164 15,415 8,130 58.3 6,722 3,370 31. 20,780 10,528 56. 2,917 02 146.6 
b new 83,588 12,675 6,424; 118.9 7,751 3,994 50.9 44,574 22,582 339. 65 ,00l4 33,000 507.9 
been 16,013 21,958 18,060 2,974 1,872 29.8 18,69 13,393 228.4 43,625 33,324 420.5 
Hawaii 7,507 1,448 714 3.4 3,701 i; 6. 3,299 1,533 2. 8,447 4,091 12.5 
aes deem 25,769 11,801 6,931 3.7 111 48 8,458 4 2k5 ig 20,370 11,224 5.6 
—— 11,887 7,825 3,381| 26.6 1,148 459 7 18,97 ; 56.6 27,946 12,724 83.9 
Alaska 15,074 
3,240,411] 1,070,805|  660,72%/11,663.8| 452,209] 281,647) 2,151.4 2,251,130 1,218,720] 19,498.2} 3,774,144 2,161,093] 33,323.4 
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